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ABSTRACT 

Th 

0;n global environne 
nuclear power, sub je 
safety; (3) adeguacy 
(5) both national and 




putlication is tke siith in ai "series , of papers 
il issues. This pafer evaluates the futurig of 
ig it to several tests: (1) econoiicsf/f (2) 
fuel supplies; (1) envitcniental iii|fact; and 
international security. Sectio^ heacang's 
in-clude: (1) The nuclear fuel cycle;. (2) So^leai econoBi<r^ ; (3) ^ 
OraniuB supplies; («) Safety; (5) Envircniental iBpAct|/ (6) Energy • 
independence; <7) Nuclear terrorism; ana, (8) Nuclear cower and 
society. This paper suggests that nuclear Eowe.i- lay ^t tnly be 

unsafe but uneconomical. Among othier examples are 

near catastrophic nuclear accidents of nhich the cliblic %as toid 
nothing until the crictical periods had passed. /<ME) 
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Preface 



/ 



"Nuclear Power: The Fif.tfk*1Horseman/' by Denis Hayes, is the sixth 
in a series of papers published by Worldwatch Institute in an at- 
tempt to identify and analyze emerging global trends and problems. 
Previous papers in the series are listed inside the back cover. 

This paper evaluates the future of nuclear powers subjecting it- to 
several tests— those of economics, safety, adequacy of fuel supplies, 
environmental impact, and both national and international security. 
^If the world is to "go nuclear," adopting nuclea^ power as the prin- 
cipal source of energy, each of these criteria should be satisfied. In 
fact, none may be satisfied. r 

Nuclear power is beine re-examined in many quarters. Local comr 
munities throughout the world are concerned over' reactor safety. 
Environmentalists and others are deeply concerned about the lack, 
or even the iprospe<^, of satisfactory techniques for disposing of 
radioactive waste. Foreign policy analysts express grave concern over, 
the Vveappns-proliferation implications of the spread of nuclear pow- 
er, recognizing that sooner or lat^r an unstable political leader or ter- 
rorist group will acquire this awesome weaponry. And, perhaps most 
damning of all, in 1975 the corporate executives who head electrical 
utilities in the United- States cancelled or deferred 25 times as many 
new reactors as they ojdered. A leading nuclear executive recently 
described his industry as befttg sick. The prognosis may be even more 
serious. 

Much of this paper will appear in a forthcoming book, Rays of Hope: 
The Transition to a Post-Petroleum World by/ Denis Hayes (W. W. 
Norton, 1977); that examines energy options. "/ 



Lester R. Brown 

President, Worldwatch Institute 
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Introduction 




rguments against nuclear power are rooted in a simple 



paradox. Commercial nuclear powjer is viable only under 
^ocial conditions of absolute stability and^predictability. 
Yet the mere existence of fissile materials undermines 
the sef?urity that -i^uclear technology requires. . ' . 

A commitment to nuclear fissiort is uncom^)romising and unending. 
TKtKMvver source cannot brook natural disasters or serious mechan- 
ical f flutes, human mistakes or willful malevolence. It demands an 
unprleceaented vigilance of**our social institutions and demands it for 
a quahenl,m Al the same time, , the, use , of commercial nu- 

clear powjer\dramatically ihcreases the fragility of human civilization. 
Accjeptance jof ^nuclear technology amounts , to acceptance of the 
ineyitable^pread of nuclear weapons from nation to nation, and the 
near-<^erta^ty that^some nuclear bombs will pnd Up in terrorist hands. 
The debate Is not vyhether nticlear powfer will lead to nuclear weap- 
ons; that is beyond question. Wha^ is unknown is whof will control 
these bombsj how they will be used, and what their us^ will portend 
for even the uK)5t stable insfttutiohs. " * > * 

The w^apoiis prolife^^ ranks above '.all others. But a 

swarm or <i^uxillary problep*^ many of -which have received more 
scrutiny in some countries than in others, deserves attention. If the 
world is indeed to "go nuclear," all will be lejgitimate n^atters of inter- 
national concern. The entire. case against commercial nuclear power 
deserves broad public scrutiny'iej^ore we" become irreversibly commit* 
ted to. a nuclear future. * ' -« ^ 

: \ • • ; ■.. „ ■ • 

In the mid-fift^ies, the United^ States, the Soviet Union, Britain^ »and 
France all began operating'^uclear. reactors -to ^^nerate electricity. 
The Federal Fl^epuplic of German^ began reactor operations in 
I9j^, Canada ^d * Italy joineil* the club in 1962, * and Japan and 
Sweden followed\ in 1963. In the late fifties or early six_ties, the' Peo- 
ple's Republic of \China began limited we^lpons-related reactor opera- 
tions, ex()loding it^ first nuclear bbmb in 1964.* -^-^ \ 



By 1970, the list of commercial nuclear^nations Had lengthened to * 
include Switzerland, the German Democratic Republic, the Nether- 
lands, Spain, Belgium, and India. Since then, Pakistan, Taiwan,* 
Czechoslovakia, Argentina, and Bulgaria have ' become nuclear 
powers, bringing the total to twenty-one. Nuclear power now ac-' 
counts for 17 percent of all elrtrtricity used in Switzerland, 15 oerc^t ' 
in Belgium, 10 percent in Britain, 9.6 percent in Taiwan, and about 8 , 
percent'in the United States. ' / 

At the end of 1975, commercial reactors totaled 158 worldwide with 
a coimbined capacity of 66,995 megawatts of electricity^up tenfold 
in 10 years. Planned additions would quickly multiply th^t capacity 
another eightfold to*526,822 megawatts, derived from 660 reactors. 
Cominerdal nucPear power plaijts are currently under construction in 
AustWa, Brazil, Finland, /South Korea, and Yugoslavia. Australia, 
Denmadc, Egypt, Hungdry, Iran, Israel,- Mexico, the Philippines, [ 
Poland, Romania, South Africa, and Thailand are actively courting ' 
the idea of gping nuclear. By 'the end of. the century, 40 or more* 
couniries could have a combined generating capacity of more than 
^two million megawatts.? . * 

Global nuclear development was initially spurred bv the belief that 
fission would provide a cheap, cl^an, safe source power for rich 
and poor alil^ However, ^he dream of Electricity too cheap to 
meter" has foddered under a heavy burden of technical, economic, 
and moral problems— some of .which appear to be inherently unsolvT,, 
\:able. , A growing body^of analysis -suggests that the total costs of 
nuclear power far oiitwefgh the total benefits. ' 

In much of the western world, the future of "the peaceful atom" has 
grown cloudy. In the spring of 1973,^the Swedish Parliament called 
a halt to nuclear 'power development while the government initiated 
a public ecjlucation program^ around the motto "Team more and you 
wfll influence more." Public opinion polls over the next two years 
showed a steady erosion of support for nuclear power, and, by* the 
time of the final governmental decision on M^y 29, 1975, a majority . 
bf3wedes opposed the construction of more reactors. A pafliamen- 
tary coalition voted to limit future nuclear construction to two re- 
actors beyond those already planned at the time of the moratorium!^ , 

/Annual United States reactor ojders, which r^achjed a peak of 36 in 
1973, -declined to 27 in 1974, and plummeted to 4 in 1975. Cancdla- 



, "Global nuclear deveropment was^ i 

jnitially spurred by the belief that 
^ fission would provide a cheapr^ 
^ clean, s^fe source of power for rich> 
and poor alike/' * 



tipris and deferrals outpaced new reactor orders in the U.S. bymore 
tnSfc 25 to ooe in 1975. Even as numerous states debate nuclear mora- 
toria and other restrainis, a de facto national moratorium appears to 
b? developing. ' ; - 

Nuclear development in J^pan hasv been snagged by a series pf lavv-^ 
suits «fnd by widespread protest rallies:- The governjnent, worried 
about the, nation's heavy reliance on foreign oil and coal/desires-to 
implement . a program of rapid nuclear development. BUjt nuclear 
opposition in Japan tra(ces back to^Hiroshima' and- Nagasaki, and to 
years of street demonstrations, protesting the Arrival of U.S. nuclear- 
poweried rtaval vessels: japan's first nuclear-driven ship, the Mutsu, 
developed a widely-publicized ^radiation , leak during a trial ru» in 
September o/ 1974. The vessel vyas forqed to remairi^at sea for-seven 
•y^ks before its' home port wou1d»llow it to be tovyed in. Fol" more^ 
than a year/ no ship-building cpmmunity was: willing (o undertake 
the needed repairs. An offer *by the port city of Sasebo iji early. 1976 
provok^ protests by the Harbt)r VVorkers. Unipn, the S'asifbo City 
Employees Union, the Fisheries Federation, and 11 other organiza- 
tions. The Struggle Committee Against the Mutsu has recently an- 
nounced plahs' for a sea-bl(>ckade to prevent the ship from entering 
the port. ' . , 

'^n'^arly 1975, twehty thousand people from" the Baden-Wiirttemberg 
. area of West Qermany staged a prolonged sit-fn protesting^a proposed 
I 2700-megavvatt complex in ;,Wyhl. More ^than -8600 Swigs xiTi2;£0i5 
participated in a .similar* sit-in protesting a planned 93Z-mega>vatt 
reactor near Basel. " ' \ 

In May of 1975, a convocation of nuclear opponeats was held in 
'Canberra, ^ the Australian capital, the critics (who all 'arrived on 
bicycles) pitched, a tent city, sang protest songs, created a street 
theater, and boiled a symbolic pot of' tea on a solar cook^er in front of 
Hifar, the country's only nucleajr. reactor. A''coali«on of trade Uhions, 
envir-onmental gr-opps, and peace'^raanizations subsequently aSked 
the Australian government to establish nuclear-free zones in the 
South Pacific, the Indian Ocean, and Antarctica. 

The Canadian^ government continues tp laud fhe virtues of its 
CANDU reactor, but the Canadian Coalition for hjuqiear Responsi- 
bility has begun mobilizing ^public opposition. Partly because India 
constructed a nutlear explosive out of material from a ^Canadian- 



^supplied reactor, Canada's anti*nuclear forces have grown rapidly 

Juring the past two year's. ' . 

elfrly .in 1975, more* than 4p0 French scientists signed a manifesto 
protestiriig the 50 fiuclear po>\;eV plants France then planned to build. 
In th/ ^spring, of the same year, L'Express, a w^fjly French news 

• magazine, drew 25,000 responses to a printed questionnaire on nuc- 
lear power. Eighty percent of those responding felt that terrorists 
would have little trouble obtaining bomb-grade materials;^72 percent 
feared for the environmeil; and only 25 percent felt that current 
securityVyecautions were sufficient.^ That fall French President Vilery 
Giscara-d'Estaing announced ihqt the French domestic reactor pro- 
gram •would b e re duced, while new emphasis would be placed oft 
exporting nuclei technology. ^\ 

This French shi^t iias beem mirrored in the olher nuclear nations. As 
nuclear interest has ebbed in the developed world, reac^r vendors 
have turned to less industrialized countries. For most poor nations, 
a Capital-intensive, highlyj centraliz&l^ and technically complicated 
source of electricity is a tiigically ^nappropilate investment. But the 
nuclear vendors, and their ^ome govepttfients, which often guaran- 
tee, attractive financing, areVj;iotnritiiarily concerned with optimiz- 
ing the use'of the world's capTtaL They seek, rather, lo. recoup their 
own multi-billjon dpllar research investments and to itnprove their 
balancerof- trade positions. Hence fierce competition has evolved for 
the nuclear matket provid4ci by the developing hatioris.' The long- 
term (fpnse^j^ences or this Sales race may be catastrophic* * ^ 

• Early nuclear critic's tended to' be eadflies, pointings out flaws, in"^ 
reactor designs and calling for immediate remedies. With, the passage* 
of .''years, rftany of. lhe§e reformers became outright opponent's, con- 
yinced mat the problems with ^nuclear technology were so • intractable 

*that comniercial fission should be .bypassed as a major energy source. 
In early 1^76, three high-level officials resigned^ from the U.S-. Gen- 
eral Electric Company in order to work full-^ime on behalf of the 
Nuclear Safeguards Initiative^^^in California, ^nti-nuclear sentiment 
is now coalescing into an international movement with a rapidly 
growing base of political support. • ^ 
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* 

^ear Fuel Cycle / ^ 

Althoi^h tKe nuclear ^reactor has' beerjl the -focus of most df the 
nuclear controversy to da*te. It is but one component in the nuclear 
£uel cycle.^ Fuel is mined, milled, enriched, faorica'ted into fuel ele- 
ments, used in a reactor,' and reprocessed to recover valuable mate- 
rials; Then the radioactive wastes mu^t be-cpntained— some of them 
for hundredsjof thousands of years. Risks surround every step. 

Uranium^mincrs are exiposcd to radiation, particularly in accumula- 
tions of radon gas. This has led 'to hjxindreas of serious health prob- 
lems, and such problems will ihcreage substantially ^as the volume of 
mined uranium grows, and a^more inaccessible deposits ^re^worked.f 

TKefnilling orocess (which isolates the four pounds or less of uranium 
oxide*in eac\ton^f ore) produces residues called tailings that con- 
tain radium. In tn^ past, these radioactive tailings have contami-, 
nated^ drinking Wter and have b^n used to construct buildings* In 
Gran4. Junctioti, Colorado, homesTand schools were built of tailings, 
and were inhabited for years before their radiation levels were recog- 
'nized as dangerous/ 

Fuel enrichment poses another set of problems. The most common 
reactots— light water reactors— require "enriched" uranium, fuel th^t 
is 3 tO'4 percent U-235., Yet the' few pounds of uranium in each ton 
of 6re contain only 0.7 percentf fissionable U-235. Further, this iso- 
tope is chemically identical to /the far. mcjflre common form, U-238, 
and cannot be separated by /simple chemicM reactions. Elaborate 
physical enridtiment piocessea that can distinguish between atoms 
on the basis of weight are needed to separate U-238 atoms, which 
constitute 99.3 percent of all natural uranium, from the infinTtesimal- 
ly lighter U-235 at6ms.« , - \ ' 

* 

For the past two decades the United States has dominated the world^ 
market tor enriched ijranium, with production from three large gasr 
eous dif^sion plants at Oak Ridge, Tennessee; Paducah, Kentucky; 
and Portsmouth, ^Ohio. But now numerous other countries are 
experimenting with several new enrichment technologies. Four gen- 
eral enrichment processes are in differing stages or development: 
gaseous diffusion, centrifugcf, nozzle, and laser. 
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Gaseous diffusion is the process with -whic)!. the nuclear industry h^as 
ttad the most extensive experience. Thoigh this process has a 
long,, successful' history, beginning with weapons production if is' 
. slow energy-nUehsive, .and extremely expertsive. The two other 
mechanical enrichment processes, centrifuge and nozzle" enrichment,' 
offer , the ^advantages, respectively, of much reduced energy require- 
ments and gr,eater simplicity of design. The important breakthrowfth 
in enrichment processes, howfever,' lies in the comparatively "rtew 
still developing, laser enrichment process. Its promise of low tost' 
low energy reauirements and cbmpactness could make even weipons- 
grade material available to ..almost any government or technicallv 
competent organization''.' \^ . - ' 

Once uranium has^feeh sufficiently enriched by one of these four 
processes, it is sent to a fabrication plant. There it is shaped' into 
small ceramic pellets that are sealed in metallic fuel rods. When uran-. 
lum is enriched only -3 or 4 percent, diversion of this fissils, material 
trom ehnchment facilities or fabrication plants' presents little prob- 
lem, However, High Temperature Gas-cooled Reaftors (HTGR's) 
.are tueled by more highly-enriched, dangerous, bofnb-'gradp materials 
hven m the giuch more, common light water reactors, small numbers 
ot tuel rods containing bomb.-grade uraniujm are sometiipes used in 
combination with a much. larger number qf rods with unenrich^ fuel 
to .provide an overall fuel enrichment of«abq<it 3 percent.'" 

■ ■■' ' ■ ' ' ■ ' ■■ ■ . ■ 

Nuclear reactors, the njfcst complicated, and ejcpensive means of boil- 
ing water :i^t devised, are the center of the'jnext stage in the nuclear 
tuer cycle. SWam from theTeactpf-heated water; is-used to turn gener- 
ators and to produce electrical power. (Wuclear power plants differ 
from oil and co^l-fired powfer plants onjf in that they heat Water with 
energy pbtained^by splitting atoms ntfr a fissile fuel rather than by 
burning fossil fijel.)" ^ - . " - . 

A reactor designed to produce more plu,tohium-.239 (or. other fiissile 
tuel) through neutron capture than it consume? through splitHng is- 
cajled a breeder." Oine that consumes»m6re fissile fuel than it pro- 
due^ is often called a "buTher."'^ - \_ /. ^ 

Severity piercent of all planned burner reactors around the world are 
light water reactQrsi(LWR'6). Currently LVVR's comprise 55 of the 56 " 
operating commercial rectors, in the U.S. and 59 of the 67 thousand 



megawatts of commercial nuclear capacity ii) the world. The water 
tfiat circulates thrqMgh the core of an LWR serves two functions: 
nuxieratinK and cooling. First, it moderates the free neutrons/ slow- 
ing them down to encygy levels that permit them to split other fission- 
able atoms easily, thus .sustaining- the chain reaction. Second, it trans- 
fers heat, away from die core to -where it is harnessed^ to 'generate 
electricity." ' , 

Should -.this moderating water escape, a "LOCA" (loss of coolant- 
acdaA\t)-^the worst reactor accident most experts consider credible- 
might occur. With ^a loss of the moderating water, the nuclear reac- 
tion would automatically stop. .However, the residual radioactive 

• wastes in the core would continue 4q decay, and vyould^quickly 
reach temperatures sufficient^ to melt the c?dre. The melting core 
could destroy the reactor's containment 'vessel in any number of 
ways, aiid the 'spreading radioactivif^ would render \he surrounding 
countryside a wasteland.^* 

Heavy water reactors (HWR's), like other , burner reactors,^ consume 
more fiiel than they produce. HWR's are moderated by heavy water 
and cooled by heavy water, ordinary water, or gas.^* 

Unlike LWR's, which require enriched urahium, HWR's can operate 
on natural uranium. In practice, however, many sucfe reactors use at 
least slightly enriched uranium, which allows mo^e d^s&n leeway. 
Perhaps the best-known heavy water reactors are the CANUU models 
manufactured in Canada, though West Germany and Sweden have 
also developed HWR's. The British government decided in 1975, after 
.seven years of successful operation of a lOOrmegawatt prototype, to 
invest in a commercial heavy water reactor it calls the "steamer.". 

Gas cooled reactors (GCR's) are cooled by gas and moderated by 
graphite that, like .heavy wluer, absorbs fewer neutrons than ordina^iry 
water, Hence these reactore too can be fueled with unenriched 
uranium. Gas-cooled reactors are also able to operate at much higher 
temperatures than water-cooled reactors, and, consecjuently, can 

* convert heat into electricity more efficiently. England and France pion- 
eered GCR's prior . to building uranium enrichment facilities, and 
England is now constructing five advanced gas-cooled reactors with 
a total capacity of 6000 megawatts. 



The reading breeder, reactor candidate is the liquid metal fast breeder 
reactor (LMFBR)/ but »woFk is also being done on gas-cooled breed-' 
ers, light water breeders, ^nd molten salt breeders. LMFBR's are 
cooled by liquid sodium. Since these reactors operate^ at a higher 
temperature than light water reactors, they can obtain higher therm- 
J al efficiencies. A French prototype operates at 43 percen^ efficiency, 
as opposed to the 33 percent efficiency of LWR's. No commercial 
LMFBR's are operating at present, but experimental' and pilot units 
• (with such interesting names, as Rhapsodie fortissimo, Phenix, and 
SNEAK) have been Duilt hy[ several countries, including England, 
France, the'Soviet Union, and Germany. \ * 

The Phenix^ 250i^megawatt prototype reactor near Marcoule in 
southern France, the most successful LMFBR to date, has produced 
fuir power 50 percent of the time. Its viability has encouraged the 
French to attempt a 1200-megawatt "Supetphenix," which is sched- 
^ uled to* begin operation* in the early 1980s. A somewhat more 
^ advanced reactor than the Phenix, the British 250-mefiawatt Proto- 

S^pe Fast Reactor at Dounreay, Scotland, will reach full power pro- 
uction in the spring of 1976. It succeeds the fongest-running ,fast 
breeder in the world, a 14^jnegawatt fast reactor called the Dounreay 
Fast Reactor that has be^nfih operation sihce 1959. In the early 1^90s 
it will be superseded by aj^yoO-megaVatt plant. ^ 

Though - reports of a lyiajtor 1973 reactor explosion appear to have 
been ^aggerations inspired by the flaring of a largf amount of 
\^ hydrogen gas, the Soviet Uj^iion's 350-megawatt breeoer at the new 
city or Shevchenko on the f aspian Sea has been plagued with dif- 
ficulties, mostly centering around pipe le^ks. The Soviets are also 
constructing a 600-megawatt demonstration plant at Beloyarsk. 

The United States trails Europe in prototype breeder development, 
desprte an early U.S. lead in breeder technology. With comparatively 
large uranium reserves and three enric>hment facilities, the U.S. has 
felt less pressure td rush the breeder than some other countries, and 
has concentrated -its efforts on component testing. Nevertheless,,work 
is now underway on a 350-megawatt prototypelMFBK on the Clinch 
River in Tennessee. 

The "doubling time"— the amount of time needed for a reactor to 
accumulate twice as much fissile fuel as its initial inventory con- 



tained— is a critically important aspect of breeder develc^pment. Doub-\ 
ling times now vary from 50 years-for the Pfienix to around, 30 ye^rs \ 
at Dounreay, while commercial breeder manufactureiiV have a 12- V 
yeaf doubling time -Ji^ their goal. The more rapid/me dovbling A 
time, the larger ^e ^ifmbunt of Useless U-238 the breed^rlj^yiU toijvert ^ 
into valuable plutonium-239 during a given operating period. Be- 
cause the breedfer (Converts a large amount of otherwis^ valueless 
material into fuel, it in effect increases the^size of the uranium te- 
source base: mSre Energy is obtained per unit. of fuel milnied, and 
lower grades of fuel can economicaUy mined. If nuclear fusion is 
viewed simply as a stopgap or supplementary power soUrCe, our\ 
meager known resource base oF fissile fuels may be adequate and they 
i^breeder may be justifiably characterized as an expensive exttavagance. '^ 
If, the other hand, nuclear fission were to become a long-term, 
significant energy option, breeder reactors— with all their attendant 
problems-^would have to play a crucially important role. * 

All of these reactor types share the same purpose: to harness the heat . 
from nuclear fission to generate electricity. However, each has pecu-. 
liar advantages and disadvantages. Thus, a country intent upon pur- 
suing a nuclear future can reasonably choose from among different 
reactor types, according to its perceived heeds. It also chooses from 
among different risks. 

Accidents ipapable of rupturing a reactor's containment structures are 
' probably the primary dangers 'associated with nuclear powet plants. 
• I^eactors are being aesigned to meet increasingly rigorous specificaj 

tions and to'include redundant safety systems, out the chance ora 

meltdown or other serious accident cannot *be entirely eliminated; 

These less than foolproof machines \vill be Constructed and operated 
^by fallible beings too (15 percent of all abnormal nuclear occurrences 

in the U.S. are due to operator error).- Moreover, nudear powen plants 

offftfr tempting targetsto saboteurs. 

After about three years, fission products build up inj:e4Ctors to the 
point where" they "poison" the fuel rods, absorbing neutrons and 
majcing the chain reaction difficult to sustain. The fuel from* both 
burner and breeder reactors is then temoved and stored under 50 feet 
o£' water at the reactor site until some of the most intense radioactivity 
dissipates. Then it is sent on to reprocessing plants where valuable 
materials like plutonium and unspent uranium are separated from 
j-adioactive wastes. 



Reprocessing plants have in ihe'iSpast been major sources of radioac- 
tive emissions, and existing faciuties are dwarfed by the reproces- 
sing plants now being planned. >fll the krypton-85 and tritium con- 
tainer in used fuel rgas ii routinely relea^d into the environment, 
as are small amounts of strontium-90 and radioactive iodine. -Unless 
•f^ ' successfully controlled, the quantities of these materials released 
could eventually constitute a » significant danger. Reprocessing plants 
also represent another attractive sdiirce ofJissile materials foi^ ter- 
-rbrist bombs, and they p dvide' thi^ primary sources of potential 
weapons materials for non-ruclear nations as well. 

Since fuel reprocessing involves ^ the separation jof chemically dif- 
iefent elements, the technology inyolvecl is much . simpler than tljat 
for. juranium enrichment. All the/ information needed to construct a 
reprocessing facility is a matter pf public record. This is not to imply 
that building such a facifityl Would be easy— only that any detertnined 
country, or even a large, teffhracally competent, well-to-do organiza- 
tion would not find the task impossible. India built the reprocessing, 
.facility that isolated the materials for her bomb without outside help. 
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Reprocessing facilities reacH 
laree enoueh to accommqdat 



amn^ercial viability only when they are 
large enough to accommcjdabs/ more than a dozen Idrge reactors. Since^ . 
few developing countries will have that level of electrical demand for 
quileiwsame time, some niiclelaT strategists have suggested that.all je- 
processing be done'in cdururies that already have nuclear weapons; 
or that reprocessing be hanakd in regional centers und^r interna^tion- 
al safeguards. Neither of / tnese suggestions has th\is far proven 
attractive to most non-npcfear weapons states, and France and 
Germany have recently sold reprocessing equipment to South Korea 
and Brazil, respectively (thougn Korea, under great pressure from the 
United States, subsequently withi^rew from the contract). 

While many countries-^mcludiiig Argentina, Iran, Pakistan^ and 
South^^ Africa— desire reprocessingv facilities, some countries that al- 
ready have them ajjpear' to be having second thoughts. The United 
States has three commercial reprocessing plants, none^of them work- 
ing. A facility in. West/ Valley, New York, has befen shut down for 
years due to excessive/radioactive emissions. A $64 million General 
cFectric plant at Mcirris, Illinois, has never operated; modifications 
to lender it operable would at least double its cost, and. indications are 
that G.E. vyill abandon its investment A new facility at Barnwell, 
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South Carolina, h^s suffered repeated challerwges from a cti vis t. groups 



seeking to bar its opening. 



Another facto/ that :haf given pa^se toyhudear nations^ is the severe 
occupational ibr^ to hiealth fn reprocessing facilities. At the facility 
ht West VaJi)^y,i - New Yo([k>' 39 w^kera^ inhaled plutoniiim 'and 
other fissioix:prp<ljicts in 14 separate incidents— in which idoses ranged 
up to 40 times jthe maximurri p<^rmis6ible. Ipng burden. At the Wind- 
scale facility in OTUgin, is Workers si/ffered ruthenium poisoning.*'' 

Finally, thfe economics of Fuel reprocessing must be taken into ac- 
count. For instance, the U.Sf Nuclear Wegulatory Commission has 
not yet .(^ecided whether i\ vyill allow plutoniuiti to be recycled as a 
reactor f|iel— a decision that will have enormous implications for the 
financial aspects of reprocessing operation*." 

A majorexpansioti of the Wihdscale reprocessing facility on the Cum- ! 
brian coast raises^yet another \question-|-that of nuclear waste/The 
British facility, which pro<fuces five cubic meters of liquid waste 
for every ton of fuel' reprocessed,; expects to reprocess niore than 
70,000 t6ns of nuclear fuel before the end of the century. One-third 
of tl^is fuel will be earinarked for f )reign customers. Prominent 
among present British customer^ are th( Japanese, who will not have 
their I own" full-scale reprocessing facilities in operation before 1985. 
A front-page headline' article in Lon^dn's October 21, 1975, Daily 
Mirror, "Plan to Malft Britain Worli Nuclear Dustbin," ignited 
a debate in England over acceptance oi other nation's nuclear waste. 
British Energy Secretary Wedgwood Benn congratulated the Mirrot 
"for sparking £^ pdblic debate on Britai Vs nuclear dustbin problems." 
Benn noted mat "this debate iS long o/erdue in this country. I have 
been waiting for it, wtelcome it, and wan it." 
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No country has yet devised an adequ 
long-lived radioactive, wpstes!** A vaf le 
orbiting -^^atellites, arctic , ice caps, an l 
suggested. For the time being, wastes 
from whence they occasionally leak, 
living in adjacent areas. The storage 
military operations has proyen partici 
400,000 gallons have leaWd from tbe ^ 
ford, Washington, although this wast? 
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te solution to the problem of 

3r of repositories— including 
eep salt mines— baye been 
kept in surface repositories 
the consternation of people 
raidioactive wastes from U.S. 
larly troublesome. More tKan 
U.S. waste repository at Han- 
was stored in tanks expected 



to jttst 'hundreds of years. S^maller leaks have occupred/al the Sa- 
' \ f; vanh^ River facility in G^rgia. { 

. The United Stages government was forced to abandon its plan to 

/'^^}- create\a high-level nuclear waste dump neSr Lyons, Kansas, after 
13 the local salt mine proved to have copious leaks. The proposed alterh- 
'ative dumping site, salt mines in the Carlsbad region of New Mexico, 
is also ^proving flawed. Salt storage would involve burying lO-foot 
i steel canisters of waste in salt beds at least 1500 fieet below the 
' earth's si^jface./The salt would melt under heat generated by radio- 
* active decay i^riside^the cariisters, and would then seal itself over ij^e 
, canisters as thaey sank.. The U.S. Energy Research and Development 
Administratioli estimates that the AmCTican nuclear industry could 
V/ produce up to 80,000 such, canisters over the next 25 years.. Salt 
bed storage is currently beioc^ovestigated by West Germany and by 
Canada. Sweden and^Cyfada are experimenting with disposal in 
granite, while Italy favors disposal in clay. . ^ > 

Even low-level nuclear, waste is proving troublesome. By definition, . 
♦ ' low level wastes are dilute, , but they can accumulate at various /V 
stages of thie food ch^n' until they eventually reach significant pro- / 
portions. Like other radioactive substances, low-level wastes can 
threaten expqiied individuals and their descendants by causing genetic 
damage in reproductive organs. The volume oP low-level waste sched-' 
uled io be produced in the U.S. alone by.the,year 2000 will, accord-' 
ing to the U.S. Environmental Protection Agency, be about one bil- 
lion cutic feet— enough to cover a 4-rane c6ast-to-coast highway one 
fodtdeep.^ . 

Burial grounds for low-level waste have been selected without first 
making hydrological and geological studies. Moreover, according to 
a disturbing study by the U.S. General Accounting Office, "there is 
'little or no information available oh the chemical or physical nature 
of, the wastes.'/ In early 1976, the U.S.* Environmental Protection 
.Agency found plutpnium percolatine through the soil at the low- 
level waste burial grounds at Maxey Flats, Kentucky.** ; 

Much low-level radioactive waste is currently cast intp the ocean. 
Prior to 1967, this dumping was unsupervised. Between the itiid- 
1940s and the mid-1950s, the United States dunofred radioactive 
rubbish into both the. Atlantic and the Pacific oceans; Britain has 



iised the Atlantic its dumping ground. Controls have been grad- 
ually strengthened since the mid-1960s, but the prbblem persists. 

In 1975, the Nuclear Energy Agenty supervised tKe 4ii^ping of 4500 
tons *cfK low-leveh nuclear waste in the * Atlantic' damping ground,, 
1300 kilometers due wes^^of France. These ^rum-fj^tkaged wastes 
joined 34,740 tons' of nuclear waste previously 'dumpi^ at this loca- 
tion. Preliminary data gathered' by radiochemist Vaiphn Bowen, of 
the VVoods Hble Qceanographic Institute, suggest tha||plutonium has 
becorne "widely distributed in the ocean's as a result pf man's a^ctiv- 
ities, and may, iafact, be entering the food chain."^^ ,']^: - 

Nuglear power, plants themselyes eventually become ^ai'form of low- 
leve} waste. Subject to intense neutron bombardment^ the materials 
in a nuclear facility become radioactive during the ^ttucture's life- 
time. .When the facility has outlived, its usefulness, the; Security of its 
radioactive components must be guaranteed. Amon^O the op^tions 
under ^rious consideration are sealing ana patrolling the entire sitie, 
demolishing the superstructure while leaving the Foundations and 
underground structures to be guarded, or totally demplishine ahd 
burying the facility in order to restore the area to a usable condition. 
At Port Hope in Ontario, Canada, a urasiium' mill was'denfioliished by, 
Eldorado hfuclear, Ltd., in 1958. Much of the contaminated rubble 
was "scrounged" by workers ind other area residents, W|Kb used it 
to build at least 70 homes and one schpol.^^ V . 

In addition to the perils jnherent in^lhe physically discrete ^Jages of 
the nuclear fuercycle, problems surround the transport of pOTentially 
dangerous materials fronrstige to stage. Today such transportation 
il frequently global in ^cope— witness the British agreement Ji to re- 
process 4000 inetric \ons. of Japanese fuel. In 1974, in the U.S. 
alone, there were ^532 shipments involving about 50,000 pk)uhds of 
enricheid uranium, ahd 372 shipmei)ts totalirtg about 1600 pOunlis of, 
plutonium. The record of transportation foul-ups is legendary^ vatid' 
the future dangef from eitKet accidental or willful inisnaps is com- 
mensurate. Moreover, there has been an unpardonable sloppineiss in 
tf)e security accorded even plutonium and highly enriched uranium.H, 

In the general transjport of non-nuclear coods, a -loss rate of abou!^. 
1 percent is common.. A 1 percent loss of Domb-grade materials could ' 



jeopardize ^orld stability; 1 perceiA of the cumulative expected 
plutonium flow through the year 202Q would te enough for 400,000 
small bombs. The^current total "loss rate for plutonium, at a very 
modest scale of operation, is one-half percent." Improvements^are 
being made— incluaing blast-off wheels to incapacitate trucks in case, 
of hijackings,^d heavy containers , that are aifficult either to steal 
injact or' to break open. To prevent diversion by .skyjacking, some* 
•nations have decreed that no airplane cart carry enough fissile ma- 
terials to create a bomb. Even today, however, international ship- 
ments of bomb-grade materials and nuclear wastes generally travel 
unguarded and are subject to accidents' or sabotage." j 

In time, the volume of trahsportatiori may be reduced through great- 
er regionalization. The construction of nujge self-contained nuclear 

f>arks, each housing 20 or more reactors, has even been suggested, 
n such parks,*the entire nuclear fuel cycle could be containeawithin 
well-guarded boundaries. Although this set-up would reduce trans- 
portation problems, it would dp so at, a high price in terms of both the 
vulnerability of such centralized facilities and their envirorfhiental 
impact. ' ► 

A review/ of the nuclear fuel cycle leacis naturally- to the specific 
arguments for and against nuclear power. Nuclear proponents claim 
that fission power is (1) cheap; (2) plentiful; (3) safe; (4) environ- 
mentally beniga; and (5) less dependent upon the cooperation of 
foreign governments than other energy sources. Nuclear critics 
dispute tnese claims, and go on to contend that nuclear power (1) 
leads to weapons proliferation; (2) provides a significant new area of 
vulnerability for terrorists to exploit; and (3) necessarily leads to 
undesirable forms of social organization. Closely examined, the 
critics' case is more persuasive than that of the nuclear advocates. 



Nuclear Economics 

Nuclear power is, not cheap. Donald Cook, Chairman of Amer- 
ican Electric Power— the largest utility syrtem in the U'S.— believes 
that "airi erroneous conception of the economics of nuclear power" 
sent U.S. utilities Vdown the wrong road. The economics that were 
projected but never materialized— and never will materialize— looked 
so good that the companies couldn't resist it."^^ 

' ■ • . / ^ ' . " ■ 



The true cost of nuclear ppwer Has been confused by the quasi- 
public nature of much nuclear development Billions of dollars spent 
on government research and development costs are not includra in 
m6st nuclear cost totals. Neither are' the costs of constructing the fuel 
enrichment facilities needed ror the current ^generation of light water 
reactor&-=-arfc'^p^allY grave error .since the price of *enriche4 f uel 
will be multiplied it enrichment becomes ^ 'private venture. Als^) 
generally ignored are the costs of regulation, tne cbsts of waste dfs- 
posal, the health costs associated with increased environmental 
rsfdiation, and the jpJremiums that should be paid for full, insurance 
.against catastrophic risk.. The costs of natural uranium are often 
sUghted, too, even though they are likely to mount rapidly in the next 
few years. 

The principal costs admitted by nuclear/proponents are the costs of 
the lesftoT and associated faciliti£S,One reactor's environmental 
controls, and the interest ^on borrowed capital for construction. 
Typically, the cost of nuclear power is calculated in termis of the cajp- 
itai cost per kilowatt of power produced when the reactor is running 
at. full capacity. However, for safety .reasons, many reactors often run 
at* considerably less than, full capacity. Moreover, reactors are often 
shut down entirely for repairs and for refueling. The cost of the aver- 
age amount of power produced^ rather than the cost per kilowatt of 
capacity on those occasions when the reactor ife functioning perfect- 
ly, }s the true cost. 

The capacity factor, the most^important index of a reactor's useful- 
ness, is found by dividing the number of^ kilowatt-hours of electricity 
actually produced during a period of tiirife'by the number of Rilowatt- 
hours that would have been produced if the reactor had operated 
full-time at total capacity. While variation among reactor types/and 
between individual reactors is^considerabk, the average 1973 capa- 
city factor for commercial reactors in the united States wa^8.4 per- 
cent. In 1974, it was 52,4 percent and in 1975 it rose slightly to 54.9 
percent. The cumulativt capacity factor for all U.S. commercial reac- 
tor operations through Decemoer, 1975, vyas 54.3 percent.^ Yet 
nuclear vendors continue to base their economw^analyses upon an 80 
jpercent capacity factor/ i- : >\ 

A parabolic pattern Jlfems^ to govern the -iife^an of. a typical 
reactor. For the first three years, as one might expect, the reactor has 



a low, capacity factor as construction mistakes ar^ discoverecT and 
^rtmedied and as^ employees grow more faipiliar with the plant's 
^operating procedures. For the next three years, a comparatively high 
capacity faCtoT— in the 70 percent range— is/achieved. Then folrrosion, 
^fuel leaks, component fatigue, and similar/ problems of aging occur. 
Since much 6f tne reactor contains high Wels gf radioactivity by this 
time,frepairs arre Jlovy. Thousands ot worxers have had to participate 
in the repair ofyA single plant so that no single worker, exceeds his 
inaximum pern^s.sible radiation exposure. 
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Figure 1. Average Capacity Factor of Nudeaf Reactors * 
by Age of Units, 1973-74 ' / 



This pattern can be clearly ^een iri|Figure 1, which shows the capacity 
factors for all U.S. reactors of"inl ages for 1973-74% The youngest 
reactors have capacity factors in *the mid-fifties, the 4- to- 6 year-old 



reactors have capacity factors in the high sixties, and jhe older reacr 
tors haye capacity fSctoj^s down around forty percent,^' « ' 

Figure 2, which plots th^ average capatitylFacto»s of rju^Ipa'r units by 
size, describes a phenomenon mat could prove to be cf even greater 
importance. It shows thai the cumulative U.S. operating record of 
very large plants has been dismal. For units 'SOOUmegawatt^ and larg- 
er, the size of most new reaqtors planned around the world, cumulia- 
tive capacity factors are in the mia- forty percent range. Because there 
is so little operating expftrience with nuclear power pUnts, the data 
base is limited. Figures iVand 2 do not imply an imrmu table pattern, 
Thfe trend might improve^, over time,, or it might worsen/ However, 
Figures 1 and 2 do summarize the unhappy experience to date in the 
country with the greatest commitment to nuclear power. 
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Figure 2. Average Capacity Factor of Nuclear Reactors 
by Size of Units Cumulative to Jan. 1, 1975 * 




Nuclear power plants in the United States are not the oi:dy ones 
plagued with leaking prfesure Hibes, cracks in bypass piping, and 
swe ling fuel rods|In one recent > three-month period, Japan's overall 
nuclear capacity factor sank to 37.2 percent. Yukihiko Ikenaga, writ- 
ing m.lhe Japan Tmes, noted that "On the average, one haS of the 
reactors have been shut Jown every vday for some reason br other 
• ^i"!^-"^^ ^^^j six months." Capacity factors in various countries 
m 1974 ranged from 76 percent dn Switzerland to 20 percent in 



The capital costs of nuclear power are generally expressed in dol-- 
lars per unit of installed generating capacity. Such direct construc- 
tion costs have soared from about $l00 per kilowatt of capacity in 
the early sixties to more than $500\today. Land, design, administra- 
tion, interest, and extraordinary infj^ition often catapult this figure to 
over $1000 per kilowatt of installed capacity.^^ 

■ ■ ' ■ * 

Electricity al^e perimeter of the nuclear facility is useless; it must be 
sent, to a use^ Transmission hnes needed to carry the fulj output of 
' the operating ]plant tost an average of more than $100 per kilowatt 
of installed capacity. , . 

Installed capad^ is riot, /or many" reasons, the most relevant figure 
to use to gai^ costs. As we, have seen, the average nuclear power 
plant produces less than 60 percent of its; idealize^ full capacity. The 
average cost of pj!)wer actually produced js accordingly much higher 
than the installed capacity Figure suggests.^! Ten percent of the 
electritity produced is," on average, los^ during transmission and 
distribution, lowering the amount actually delivered' still further 
Net enei^y analysts contend that 4 ^7 berc^nt of a reactor's output' 
is needed to power other parts of the fuel cycle-flowering the net en- 
ergy produced per dollkpot investment still further.^^ 

Insurance costs for nuclear reactors are artificially held down by a 
legislated ceiling on liability. In the U.S. this ceiling is about 4 per- 
cent of the government's most recent damage estimates of the wofst 
accident scenario, and critics say that the government's damage esti- 
mates are unreasonably low. If nuclear power were, like other tech- 
nologies, forced to h/eai insurance expenses commensurate with its 
risks, the cost per kilowatt would be even higher." 

1 
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.If we add the costs of the initial fueKcore/ and if we assign to each re- 
actor a share ;of the costs pt constructing othej parts of the fuetcycle, 
of federal research and development/ of national and internatipnal 
regulation, and of disposing and safeguarding nuclear wastes, the 
total experiditure per kilowatt of n^t, usable; , delivered 'electricity 
might 'exceed $3000. Thus^ the generating cupacity required for a 
ibo-witt electric light bulb requires a $300 mvestment. Many pf^ 
these costs are unique to nuclear power; others will be borne by all 
technologies employing- large, centralized generating facilities. Many . 
large coalrfired plants, fpr example, have: had disappointing capacity 
factors. Iffut the princifwl argument alwiiys cited for THiclear power 
is that it is cheap, and, this claim is demonstrably untrue. Energy for 
many purposes, can be obtained mucK less expensively from non- 
nuclear sources, includingrdecentralizgg^ on-site sun and wind energy 
systems, th^n from_ nuclear power. 

The costs of nuclear power are mostly at the fronb-end— in research 
and development ana capital construction. Consequently, reactors 
will necessarily be at a severe disadvantage in a time of general cap- 
ital scarcity. And while all capital costs have been increasing dramat- 
ically in recent years, the costs of nuclear 'construction have outpaced 
the rising construction -tosts of other power facilities. The per kilo- 
watt price of nuclear facilities rose two and one-half times as much 
between 1969 and 1975 as did that for coal-fired power plants,^* 

The costs of breeder reactors, without which nuclear power has a 
limited life expectancy, are extremely, uncertain. Cast estimates for 
the small Clinch River Breeder Reactor in the U.S. have growh from 
an original estimate of $700 million to^ current guess or $2 billion^ 

A nucifear-dominated energy system would impose severe financial 
strains bn most poor countries. In sojme developing countries,, the 
<:ost of a single reactc^r may exceed the nation's total annual capital 
investment, Nonetl\eless, tne International Atomic Energy Agency 
predicts that rtuclear plants will produc^ 8 percent of all electricity in 
the less developed countries, by 1980, and that nuclear growth will 
speed up greatly in the subsequent decade. 

Nuclear investments represent a grievously injudicious use of scai^e 
capital, a use complefely at odds with the auspicious trend toward 
adoption* of intermediate technologies in many ppor countries. A 



generally accepted guidebne is that rv) single ppwef plant should rep- 
resent more than 15 percent of the capacity of a power grid Othe?^ 
Wise the^shut-down.of a jingle doJr pUnt can impaif Ste entire 

'SHo(S''«;'Lt^;J^'^9^ *v,4i °"iy t^ose- counJies 

Ifast 4000 megawatts* of mstaUe^J^ capacity shojild-cbnsider ev^ 
singfe smaU_ (600.rnegawatt) xeattor. Argentina; Bradl?St 'fX' 
Korea/ Mexico and Ven«uel3.are the only devefofTrng IbSesW 

nBcWtervendors areltungiY fqr new markets and arirefore wEg 
to offer much n»ore liberal credit arrarfeements thTSfould keneS 
be available for alternative technologies. THWU.S.^xj2,f iS 
A'ii/r ^^TT'l*' has made loaris pf^bout $B«llio^ut^K; 
Amencari nuclear sales in 11 countries. -Consequendy/ many ^all 
dp™. .mortgaging their futures, to purcSse Sto^s l?^fe 

demonstTablv inanDmnr ;if<> fr, fV.»;, « / .-^ 



demonstrably inappropriate to their requirements," 
Draniiim Supplies ° * r - 



Uranium is not a T)lenfifuJ substitute l-fot scarce oil and giis. Total 
non-communist uranium resources, available at dowfe/e the current 
nPrn M.* ,^«*"^«s«'"ated (ih a comprehensive 1975 study by the - 
OECD Nuclear .Energy Agency an* the International Atomic Energy 
Agency) at aboirt 3.5 imllron tons^about half of which was reasdn- 

fen'^K^^ J^" - u o^'^ »° P"«"* °f the current ?rS- 

.n^ r.\^''!vF-^ ' ^^,9000 per yfear; Ganada, with 4700 tons; 
n", Jk° Africa witb 2600 tbns These three countries (or four, if 
&«^'no considered .^separate from South Africa) plus Australia 
H-?i. ^.J a- ° J" ^°|}-™"«r"nist re¥erves. Eighteen other coun- 
tries Have discovered small uranium deposit, but tTie total from these 

uT^'^V'^'T'''' P"«"' °f non-commui>ist resou^e 

llf J^- % ,'"^™ahon IS not available on the uranium resources of 
th^ Soviet bloc or of the People's Republic of China." • 

The 236 realtors currently [operated or planned in the United States 
wiU consume^at le,st one million tons of uranium oxide over their 
hfetime. The 800 U.S. reactors commonly projected to be in opera Son 

dfroSir: "i" cumulaHvely /e^n'd ovi 2 iSlUoTto^ 

jhrough tha year, and wiU demand 4 million tons altogether during » 
dieir operating span. These fuel demands-prVcted > the 
Energy Research and Development Administration-are higher than ' 
me reserves of, all known non-communist uranium suppliers 



• ' • ^ 

"No new significant uranium 
deposits have been discovered 
in the U.S. since 1965; despite 
considerable recent dnlling/' 
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Considerable uncertainty as to Jiow much electficity can be gener-\ 
ated .per unit, of fuel further* complicates'' the uranium reserve corw'* 
troyersy. For example, in July of 4973/ a member of the U.S. Atomit 
Energy Commission testified that iHfon of uranium could produc^^S 
-million kilowatt-hours. A bit later, at the same hearing, a staff mem- 
h^T of the^A.E.C.'s Division 6f Planning and Analysis stated that.a 27 

'ton of uranium would generate about 60 n\iliion ^kilowatt-hours. 
Hans Bethe, a leading U.S. nuclear proponent, claims that, a ton of 
uranium will yield 70 million kiloWatt-hours. However, F.B. Baranow- 
ski. Director of th^ Division -of Production and Materials Manage- 
ment of the U.S, Atomic Enetgy Commission, claims that during 
1971, 1972, and 1973, U.S. reacfofs generated only 14 million kilo- 
watt-hours per toji. If this figure holas for the'future, nuclear power 
sources will either require more Uranium or produce iess energy man 

. ii currently projected,^^ ' 

' * ... 
Let us assume, however, that the E.R.D.A. figures ai/ correct. Can 
a 4 million ton dentand square against the U.S.' resource base? The ^ 
HUnited States government estimates the nation's potential uranium at 
^VI^nilliQn tons, including all hypqfhetical resources up to a price 
of flfiUMi' pound. (Private estimates range both higher and lower \ 
than tSjiofncial government figures!) OF this, a total of w)0,000 
tons— onlwbout half of what's hj^ded "to fuel U.S. reactors now op- 
erating or c^l^the drawing boards— is|in the form of proven reserves. ^ 

Lbw-vcost ores over and beyond tnose now postulated may well be 
unearthed; on the other hand, almost' 85 perdent of the government's 
. 2.6 million estimated tons are hypothetical, and actqal deposits could 
easily fall short of estimates. The United States has the largest uran- 
ium resource base in the. non-communist world, but no new signifi- 
cant uranium deposits, have been discbvered in the U.S. since 1965, 
despite considerable recent drilling. 

Vyhat holds true for the U.S. is, in this instance, even more emphat- 
ically true for the world. While cumulative demand for uranium oxide " 
in the U.S. coi^ld total tvyo million tons by the year ^000, eurnulatiye > 
Opn-U.S. dema'nd is aCpetted to exceed that amount. Proposed non- 
U.S. reactors wilL ha/e a lifetirhe . demand far in excess of the'world's > 
known and suspected\deposits of economical uraniuin/ 

Could reactors pos^sibly be sold in the knowledge that there was no 
fuel w power tn^m? In a modified form, this has already occurred. 



Wfestinghouse Corporation, in soliciting orders for nuclear power 
plants, long made a practice of contracting to supply fuel for its 
reactors for several years. In the fall of ^975^with a tuil inventory 
of 15 million pounds and contractual commitments to deliver fJO mil- 
lion pounds at an' average price of $9.50 per pound, Westinghouse 
defaulted on its supply contracts.' The. company claimed that it could 
not find ^^oueh uranium at the quoted prices to fulfill its commit- 
ments. General Electric, with about 10 million mdre pounds con- 
J^acted for delivery than it has lined up, still claims it will be able to 
meet its contractual obligations.^" 

Canadi«y[\ uraniuin^producers are also facing a gap. They have signed 
contracts to export 120,000 tons of uranium, two-thifds of which has 
been ap^oved by the government for export. But Canada's measured 
recoverable reserves, even at prices ^^f $30 a pbund, amount to only 
81,000 tons. Although inferred reserves may amount to 321,000 
tons,* the higher figure rests on great uncertainties.^^ ^/f^ ' 

Without breeder reactors, known uranium reserves will not long 
support nuclear development. Of course, as prices rise, the amount 
of uranium recoverable will also rise. At $100 a pound a good deal 
of low-grade ore-over 5 million tons in the U.S. alone—can prob- 
ably be found. But at such a high price, uranium is not competitive 
with coil, and is abbut equalUo oil at $12.50 per barrel. Moriepver, 
exploiting such low-grade ore rncurs heavy non-economic costs. In' 
the U.S., uranium is now mined from western sami^tone, in which' 
it comprises one thousand parts per o^Uon. In the^Qwer-grade Chat- 
anooga shale, uranium constitutes om^tO to 80 parts per million- 
less uranium than the tailings currently being discarded from uran- 
ium milling operations. Of that miniscule amount of uranium, less 
ithan one percent is fissionable U-235. 

The energy cost of extricating so little fissile fuel from so much ore 
may topple ihe nuclear mdustry's house of cards. Although one pre- 
liminary study suggests there can still be a net energy gam, that gain 
may not be worth the effort, and may not represent a judicious 
investment of manpower and capital. Ton for ton, Chatanooga shale 
contains less energy than does bituminous coal, and the environment- 
al costs of uranium extraction from this. ore will be high. Some 
scientists have proposed with straight faces that fissile fuel be 
'•mined" from granite and from sea water. But only with bfeeder're- 



actors can we d^iv^^ sufficient energy from otherwise unusable U-238 
and thorium to make such low-grade sources attractive. Current-model 
breeders, however, are designed to maximize the production of 
plutonium. if shipment of either breeder reactors or plutonium to 
counties without nuclear weapons is banned, the scarcity of low- 
cost, high-grade uranium ore would constrain international nuclear 
development severely. . * . 



Safety ' 

Nuclear fission entails risks qualitatively different from those in- 
volved with othfer energy sources. A 1000-megawatt reactor, after 
sustained operations, has about 15 billion curies of radioactive ma- 
terial in its cbre.*^ The heat of decay from this material constitutes 
about 7 percent of the reactor's thermal output (tjje other 93 percent 
coming from the fission reaction). While the iFission process can be 
regulated; radioactive decay cannot "be so controlled. The decaying 
core can only be cooled. Uncooled, the core would grow so hot that 
it could melt through its containment vessel, and" would then con- 
tinue to melt its way down into the earth. This "loss of coolant 
accident" (LOCA) is ^e most serious of the potential light water 
/teactor accidents, and it has been the focus of the reactor safety 
^controversy. There is rio question but that such accidents will occur; 
they are a statistical JtertainW. The questions, rather,;<h:e: (1) How 
dangerous will a meltdown be? (2) How frequently/is a meltdown 
likely to occur? 

Most of the analysis of reactor safety has been done in the. United 
States and has concentrated upon light water reactors.' This is 
somewhat ironic, as the United States has safety standards far mote 
rigorous than those of any bthrt country. 

In France, nuclear regulation is spread through five ministries and 
various subordinate bodies, all closely ^ordinated with the nuclear 
industry. The Service Centrale de Surete'des Installations Nucleaires 
de Base (SCSIN), which is responsible for the security of reactors and 
of waste disposal sites, polices the entire country with fewer than 20 
officialfr^all of whom work part-time and not one of whom is a 
radiation specialist. Nuclear managers are always forewarned of a 
, coming SCSIN inspection, and are always told in advance what ^e 



object of the inspection will be. Radiation monitoring is taken care 
of by another group, plant security is the responsibility of still 
another, and the transport of nuckar materials is in different hands. 
Nuclear industrial hygiene falls under the* jurisdiction of a separate 
agency and other regulatory, functions fall within other bureaucratic 
domains. The French explained the division of responsibility, and 
the conoplacency with which they view nuclear regulation, by point- 
ing out that the French nuclear power industry is not profit-oriented. 
Whereas private enterprise might be. expected to skimp on safety 
and security,* they say, most French nuclear development rests in 
ostensibly safer public nands. 

What might be the precise cost of a foul-up-technical or bureaucrat- 
ic? An authoritative 1957 report, preparea by the Brookhaven Na- 
tional Laboratory for the U. S; Atomic Energy Commission, conclud- 
ed that, the worst possible reactor meltdown could kill 3400 people, 
injure 45,000, and cause 7 billion dollars in damage. By l'964, larger 
reactors were on the market, andean updated Brookhaven re)pK)rt 
upped the toll of the worst possible accident to 27,000 deaths, 17 
billion dollars worth of damage, and contamination of an area the 
size or Pennsylvania. A study conducted by the Engineering Research 
Institute of the University of Michigan for the owners^ of > the Enrico 
Fermi reactor outside Detroit fottnd that the worst credible accident 
for this relatively small breeder reactor would cost 133,000 lives. 

None of these studies dealt with the probability of such an accident 
occurring. The lack of actuarial data , regarding reactor safety made 
such Computations* so speculative that it was long believed that 
only a "fringe member or the statistical community" would attempt 
them. However, in the mid-1960s, the ^Planning Research Corpora- 
tion, a respected U.S. think tank, contracted with the A.E.C to 
perform such a statistical analysis. The 1965 report stated that re- 
searchers were "95 percent confident . . . that the probability of oc- 
currence of a catastrophic accident during a reactor year is less than 
1 in 500." ^ 

In 1972, amid a raging scientific debate ^over the efficacy of 
"emergency core cooling systems," the United States A. E. C. spon- 
sored yet another reactor safety study. Known by the name oF its 
principal author, the Ras^iussen st^udy traced the sequences of events 
that could-as the analysts saw it-lead to a LOCA, and assigned' a 
probability to each event and then to the sequences.** 
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By the time the Rasinussen report was issued in 1975, the entire world 
had logged only 927 reactor-years of commercial nuclear experience- 
only a*>5mall fraction of which was obtained with the new generation 
of giant- sized 'reactors^" Consequently, the performance records of 
the various components (such as valves) were derived from* experience 
with identical or similar parts in non-nuclear equipment, on the as- 
sumption that they would behave identically in reactors. This crit- 
ically important assumption may not be, valid. Conditions uniaue to 
reactors may elicit unpredictable responses. As Sir Alan Cottrell/the 
distinguished English scientist, has observed, "Whenever you step 
into a different regime of temperature and pressure, nature will 
always have some subtleties up her sleeve."*^ ( 

.The Rasmussen report claii;ns that a core meltdown will occur about' 
once every 17,000 reactor years for pressurized water reactors, and 
about once every 33,000 years for boiling water Veactors. This 
calciilatioi;! presumes that the reactor is bujlt with flawless work- 
manship and flawless materials, that it is operated only h'^ highly- 
skilled experts, that neither God nor terrorists intervene with un- 
scheduled events, and that Dr. Rasmussen's assumptions are all 
correct. 

In gen^iCl, Rasmussen argues that the likelihood of an accident de- 
creases as its severity increases, a Belief that the Amttican Physical 
Society, an association of U.S. physicists, found Creole but open 
to question. The report maintains that the emergency core cooling 
system (ECCS) will work successfully more than 98 percent of the 
time, unless some pump, valve, or other cdtnponent fails. However, 
many experts doubt the ECCS can prevent a meltdown even when 
working perfectly, and the system has never been tested. The worst 
possible meltdown, the study holds, would do less damage than the 
Brookhaven report suggested, and such an accident would occur 
only onc6 every billion reactor years. The. report dealt only with light 
(> water reactors; it did not examine the accident potential or fast breed- 
er reactprs (which are widely believed to be far more dangerous than 
light vyater reactors but which will be necessary ilf'niaclear fission is 
to play a significant role much beyond the year 2OO0f) . 

Even if we assume the Rasmussen study to be correct— and -virtually 
no nuclear" critics do— questions about nuclear safety remain. Statisti- 
cians claim that we should compart the risks of alternative technolo- 



gies by multiplying the magiktude of the accident tiy the probability 
Uiat it will occur. Objectively, the statistical approach malces some 
sense, >:|>ut it makes no psydiological sense whatsoever. One large 
eyent is 'infinitely ' more disturbing than many small ones. People* 
accept with some equanimity a hundred people dying in one hundred 
automobile accidents, but. they are shocked ait the prospect of a 
hundred people dying in one massive automobile pile-upjt)r in a plane 
crash. Nuclear accidents— with the potentiallo kill thousands of peo- 
ple and to discharge radioactive mjtterial that will be lethal for thous^ 
ands of years— present a different ethical situation than other acci- 
dents» Statistical techniques, cah offer liUle guidance to a society, 
grappling with the small risks assigned to utterly^ unacceptable 
events. Nor can they offer solace or recompense. 

During . the brief period since the arrival of commercial nuclear power, 
there nave, been many , reactor accidents— some of them potentially 
catastrophic. Human' error played a serious role in .most. Edward 
Teller, rather -of the hydrogen bomb, believes ,that "so far we have 
been extremely lucky . ► . But witb the gfeat number of simians mon- 
keying around with things that they oo not completely understand, 
sooner or later a fool will prove greater than the proof, even in a fool- 
proof system." Three U.S. astronauts were immolated, in a device that 
o-was much more closely scrutinized than any run-of-lhe-mill reactor is 
likely to be. '. . 

Qn December 12, 1952, a tragedy of errors occurred at 'the NRX 
reactor in the' Canadian village of Chalk River, 200 kilometer^ north- 
west of Ottawa. A technician accidentally opened the wrong set of. 
valves, causing the reactor control rods to begin, rising out of posi-> 
tion, In the ensuing bewilderment, wrong buttons werf pushed and 
the scram equijpment— which should have immediately shut down the 
reactor— failed to operate correcdy. The expensive heavy water mod- 
erator was dumped, bringing the fission reaction to a halt. The reac- 
tor core was largely destroyed; a hydrpgen explosion dislodged a 
4-ton gasholder; and a million gallons of highly radioactive water 
flooded the structure. 

In November of 1955, the United States' EBR-I reactor in Idaho. Falls 
had a partial core iheltdown. Fast action by the chief scientist at the 
site Ininimized damage, although thl> reactor was destroyed and much 
low-level contamination ensued. * * 
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little guidance to a society 
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assigned to utterly unacceptable 
events. Nor can they offer 
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In October of 1957, a uranium fire occu at Windscale Number < 
One on the Cumbrian coast in England. At one poi^t^ eleven tons of 
- Urahiuin were ablaze. The fire was Drought under control after several ^ 
days, but becaii^e of the huge volume of radioactive iodine released, 
ai radiation ban was iinnposed on the sale of milk produced in the sur- 
rounding countryside. 33 

In January of 1961, the SL-1 reactor at the Idaho Falls complex 
experienced a power excursion that lasted 1/500 of a second. A 
threerman ,crew was killed on the spdt. The victims were so severely 
irradiated that their exposed hands and heads had to be severed froih 
their bodies and buried in a dump for radioactive waste. Years were 
required' to disassemble the radioactive wreckage of SL-1, and its 
eventual burial ground will have to be guarded forever. The official 
A.E.C. investiga^on report stated: "We cannot say with any certainty 
what initiatea the SL-1 explosion^ and it is possible that we may 
never know." ' \ ' 

■* 

In October of 1966, instruments on the Enrico Fermi breeder reactor, 
in Lagoona Beach, Michigan, l:^an to behave erratically. Suddenly, 
the reactor's^ radiation warning devices registered an emergency., It 
was impossible to tell wliat was occurring in the reactor core, but the 
instrument readings supported .the hypothesis that at least one fuel 
subassembly had melted. Safety was bf special concern ^t termi be- 
cause 4 ihiUion people i;esided within a 30-mile radius of its site. 

The Fermi reactor was successfully shut dowru During the next sev- 
eral days, reactor experts were flown in from all over the world to 
speculate upon what might b% happening \n the reactor's core. The 
greatest fiar was that a damaged subassembly might collapse into . 
other parts of the core, causing a secondary , nuclear accident of cat- 
astrophic dimensions. Unfortunately, this risk would be at its great- 
est whenever any action was taken to remove fuel from* the reactor. 
Anpther concern was that the radioactive sodium coolant might ex- 
plode upon air contact. Slowly, the delicate operations were Degun. 
As it turned out, four fuel subassemblies had melted, and two of tnem 
had stuck together. More than a year and a half of careful work was 
required before the cause of the accident could be discovered. A tri- 
angular piece of zirconium, installed as an add-on safety meastire, 
,hap worked loose and clogged the flow of coolant. 
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In January of 1969, the Lucens reactor (a gas-cooled reactor, built in 
a rock-encrusted cavern in Switzerland) was destroyed by a LCXIA 
The cavern was.eventu^lly converted'to a storage area for radioactive 
waste. In April of 1972, 200 tons of ^team poured out of a stuck 
valve of the Wuergissen reactor, a LWR in th? Federal Republic of 
Germany. Reinforcement structures were torn off the floor of the 
chamber and water ran through the screw holes, damaging wir^s that 
providejl DOwer for /the coAtrol rods. Fortunately, by this time the 
reactor had been successfully scrammed. ^ * 

In March of 1975, an electrician was checking fof possible leaks from 
the secondary containment area of the Browns Ferry Number One 
reactor in Alabaina. He helddi lit candle near the 'point wher^ electric 
tables penetrated the wall aftd where any leaks in the seals would 
cause the flame to flicker. The sealant caught fire, and the fire spread 
first to the cable insulation and then to the. containment area. The 
electrical cables powering several different "redundant" safety sys-' 
terns passed through a confined area, and these systems were all si- 
multaneously knocked out by the fire/Before the fire was successful- 
ly brought under control, two llOOTjmegawatt reactors (representing 
15 percent of all power on the Tennessee Valley Authority grid-the 
world s largest) were incapacitated. The shutdown cost T.V.A in ex- 
cess of $100 million.*^ > 

■ ■ ;* ■ : ■ ■■ , . ■ 

Mostof the danger to human life as a result of a serious reactor ac- 
cident arises from exposure to"^ the cloud of radioactive materiaf that 
would be released if the reactor containment vessel' wefe breached. 
The number of people affected would depend upon the population 
density in the surrounding area, u>on climatological conditions, and 
upon ^ the effectiveness of evacuation proceclures. Much of the 
equanimity vyithrwhich the RasmuSseri report viewed meltdowns can 
be traced to its belief that millions of people can be successfully evac- 
uated within a few hours. Sixteen million people live within a 40- 
mile Radius of the three reactors at Indian Point, , New York. In 
February, 1976, Robert Pollard, the safety official directing regu- 
latory activities at Indian Pointy resigned and announced on national 
television that Indian Point Number Two was "almost an accident 
waiting to happen." ^The likelihood of a successful rapid evacua- 
tion of a congested area containing several million people is equal to 
th»t of an- apple falling upward, and this is frankly admitted by stdte 
officials. "What's my plan to evacuate Chicago?" asks the nuclear 



"In none of ihe^near-misses 
discussed in this paper was the 
pubbc even infonned that there 
was a potential danger until 
after the critical period had 
passed/' 



chief of the Illinois Office of Civil Defense. "I don't haye one. 
There's no way you can evacuate Chicago." In none of the near- 
tnisses discussed in this paper was the public even infortned that 
tliere was a. potential danger until after the critical period had ^passed. 
The head of civil defense in the Browns Ferry area didn't hear abo^t 
the fire until ttyo days later. 

The United States Navy's fleet currently includes ne hun- 

dred nuclear-powered ships. The aircraft carrier Enterprise lias eight 
reactors. Though various ships put into numerous ports, no realistic 
evacuation plans have been developed for^^ those cities to use in the 
event of. a seriems accident. , 

■* 

In November of 1973, a Swedish radio program describinig a fictional 
reactor accident in southern Sweden was broadcast. Tne resulting 
public panic recalled the shock created by Orson Welles' The. War of 
the Worldj^some four decades earlier. The phone system broke down 
under the stress of calls; witHih ten minutes an enormous traffic jam 
had ^ tied up the countfyside; and frantic citizens were reluctant to 
believe official assurance^ that no accident had takje^lace. 

Despite the oroblems and fears engendered 6y the use of brewer 
reactors, all Known data on uranium scarcity indiciate that brewers 
will be necessary to the development of a significant long-term world 
« nuclear industrv. Because of tne exceedingly limited experience with 
breeders, and tne proprietary nature of much developmental work/ 
safeguarding these devices is an eveiv foggier business than that of 
safeguarding light water reactors. However/ LMFBR's are likely to 
hola perils without parallel among lij^ht water reactors.** , 

Fast neutrons cause a vast atomic stir inside a LMFBR. Even if the 
breeder is operated conservatively, with the fuel removed when 5 
percent of it has undergone fission, eVery atom in the metal fuel 
assemblies is displaced about 70 times before remoiRil. This neutron 
bombarditient created^ voids in the crystalline structure of metallic fuel 
rod$, swelling both the metal cladding an^plhe fu^l itself as a conse-- 
quence. If fuel pins bow and touch as a result of this swelling, temp- 
eratures increase greatly at th£^ntact points. Under some circum- 
stances, this heat coula spreaoto other parts of the core and cause 
melting. The current breeder safety debate centers around whether 
or not th^ fuel could become arranged in an explosive configuration 
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during a coremelt (a condition known as "recriticality") and blow the 
reactor apart (or in technical jargon, cause a "rapid disassembly"). 
Unknown is just how ipuch energy such an explosion will jelease. 

The easiest ^'solution" to the svyelling problem is to design more 
36 SP^^^ '^^^^^^ fuel. piris so that, even if they bend,, they won't . 
toucR. However, the soaium between the pins slows down the. neu- 
trons arid reduces the breeding rate. Tfte contribution of the breeder 
^ to fuel supplies will be marginal unless \he breeding time is brought 
down, substantially frorn the present 40-60v year range. Her'e sa^ty 
and speed are at loggerheads, for a cut in the breeding time will re- 
quire a closer fitting of fuel pins unless new fuels— probably .car- 
bide compounds— that could double m^re .rapidly than tne oxide fuels 
ciirrendy in use are developed. 

Another fuel problem is that of -the "sodium void coefficient." If • 
sodium 4>oils in certain parts of the reactor%the result may be'^a major ^ * 
increase in temperature^ that cannot correct itself. It is hypothi^sized 
1 that a high- temperature bubble might move like a can-opener ajpng 
a fuel rod.. ^ . ^ 

I - ■ * 

J^ow safe is nuclear power? The answer is a mystery. The scale of 
itelitial damage from a bad reactor accident is monstrous, but the 
of such an accident is a matter of controversy. 

The U.^. Atomic Energy^ Cornmission, charged by critics 'with lax 
enforcement, nonetheless finds hundreds of safety violations in' 
domestic facilities . every year. The .Quad Cities Unit Two, in the 
American Mid-West, was started up with a complete welding rig . 
inadvertendy left inside its, pressure vessel. The control rods of the 
Vermont Yankee reactor Were installed upside dowif, and the reactor 
was once started up with ho lid on its vessel. At Palisades, Michigan, 
a loose core support barffilwreaked hayoc with the reactor's innards; 
Consumer's Power, the muHy owning the reactor, sued Combustion 
Engineering, the builder, for $300 Tmimqn. Mdre significant problemis 
may lie in such countries as France and Russia, wnere safety stand- . \ 
ards are, much lowet;. The most frightening prospect may be in the de- 
veloping countries.' Many countries noW ordering nuclear facilities ^'N^ 
have no nuclear regulatory framework, and only scant expertise. Clif- ^ 
ford Beck, director of the Government Liaison-Regulation Office of 
the United States Atomic Energy Commission, has termed tne Tara- > 
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pur reactor in western India "a prime candidate for a nuclear disas- 
ter." Fahir Yjenicay, director of the Nuclear Energy Center near Istj^- 
bul/ Turkey, announced in early 1976 that two nearby lakes had be- 
come "dangerously radioactive" and urged that they not be used for 
fishing, irrigation or drinking.** \ 

The nuclear safety debate has been a source of great confusion to the 
layman. One team of experts iS' lined up against an equally expert 
opposihg team^ each armed, with computer print-outs and technical 
jargon. Each tries to "prove" its case. But most nuclear issues are 
not amenable to proof; they are matters pf judgment. It is impossible 
to eliminate all risk. The level of acceptable risk is an ethical rather 
than a technical matter. Consequently, the' filial decisions are not sci- 
entific, but are, rather, social arid political. * 



Environmental Impiict 

Although fission was at one time viewed as a "clean" source of 
energy, it is now opposed by almost every major environmental' 
organization in the world. Nonetheless, nuclear proponents contin- 
ue to argue that nuclear p6wer is ecologically beftign. 

The environmental argument U almost always framed in terms of the 
. relativl? Environmental costs, of nuclear powetL and dpal. Moreover, 
the ertviron™fi*al effects of, a perfectly functioning nuclear fuel cycle 
, are usually^easured against the American experience with coal be- 
fore the passage of the landmark Coal Mine Safety ^ct and before' 
the implementation of the Clean Ait Act of 1970. Coal mine accidents 
in the United States have decreas;ed steadily ov'er the last few years, 
and improvements in mining conditions will result in a dramatic de- 
crei^se in the incidence of black lung disease. When electric utilities 
are finally compelled to meet the terms of fhe Clean Air A^t, airborne 
emissions (which in the* past ^ave been a major h€altb menace, caus- 
ing widespread premature death among the elderly and people suf- 
^fering fromri&spiratory ailments) will be significantly reduced. 

Moreover, comparisons between coal and nuclear power plants are 
irrelevant to the great ^majority of. nations without significant 'coal 
reserves. Thus, if environmental comparisons are to *be made, th^ 
ought to focus .upon, the relative impacts of nuclear power -and re- 



new able energy sources (solar power, wind power, wood and other 
organic sources, etc.) that are available to all countries. 

At present, thermal pollution and radiation are the prirfcipal environ- 
mental dangers spawned by the nuclear fuel cycle.- Other threats may 
be unleashed. Should nuclear power grow to the point where massive 
amounts of low-grade ore were-being processed for fuel, envirormien- 
bl repercussions would surely be felt. If nuclear power wi^e to sur-: 
vive until mankind stumbled into a nuclear war, the enviroiunental 
consequence^ <Via3uld be of an altogether different magnitude. 

, ' . ■ ■ ■ ■ * -■ ^ . ■' .■■.■■* 

All mechanical processes tViat generate el^tricity also gi^ner^te ther- 
mal, pollution, out njuclear power, ijants cast off more waste heat 
per unit of electricity prodfuced. man cloes any^ other commercial 
te^luji^logy. This heat must be dissipated, either through the use 
of cpoling tovyers or through direct discharge into, a body of water. 
Since cooling towers are exceedinglv expensive, most reactors planned 
around, the world will Inject heat ciredly into lakes or streams- If « 
power p^OWpft'ates* constantly, the local habitat would undergo a 
massive JMra^ormation and a new ecosystem that could thrive at the 
higher temperature would develop. However, reactors must be shut 
down remlarJ>^Jor fup^ changes, aha irregularly for various other 
reasons. Thus, tne consequent erratic temperature changes make it 
difficult for any stame ecological cqhimunity to survive.*' 

Many of ilje' problems associated j with a nuclear reactor would be 
. multiplied niiinyfoldvwith the coming of a proposed pattern of inten- 
".slve nuclear development misleadingly called- a "nuclear park." The 
impark would conta^i uranium enrichment facilities, a fuel fabrication 
plant, a larg^. number (10 to 4Q) of individual reacfors, and a fuel 
reproccssirig blant. The thermal burden associated with such a devel- 
opment could be «suf ficient to alter the local climat(?=/ and; possibly, 
Ab generate a continuous '^cloud cover. Yet Dri; Chaunew Starr, 
President of the Electric Power Research Institutfe/ fon^id^^^^ 
parks the ''inevitabley result of the growtly of<the h^^ 
industry."** ', " ... '^i^ , v.- 'j ■■ . ' ■■ 

The environmental threats posed by thr^mi^leajp^'bdwe^ 
be fully measured without an understanding of tne ewects^^.c^ 
tion on l^e at the molecular lievel— an underst^hdii^g that/is: a^^^^^ 
far :frpm;^ complete. The radiation associated with 'nucfear-^p^ 



emitted through the spontaneous decay of reactor-produced radio- 
active jnaterials. (In addition to its 100 tons of uranium oxide fuel, ^ 
ofte large modern reactor contains about -two tons olf various radio- a 
: active isotopes— one thousand times as much radioactive^. material 
' as the Hiroshima bomb produced.)** Each wdioactiye jsotope has a 
precisely measurable half-life (time during which ha^f the atoms in 
any piece of that radioactive material -will decay) tKat ranges from 
'lessil than a second to more than a itiillion years. Jhe half-life^of . : ' 
plut6nium-239^ the most controversial isotope associated with nti- , 
cleiar ]gower, is 24,400 years. ^ ,^ . . , . 

*•*..■■ ' •■ • •" 

As sub-atomi^ pc^rticles of radiation shoot out from decaying ^toms, * 
they collide with other matter, generally with electrons. In such col- 
lisions^ •he elcctroni.i^ almost always jarred free from the atom of 
which itwa part. T^is ielectron loss transforms the atom into a posi- 
tively charges' ion. The causes this change— thi^.Xrrayis/ 
gamma-rays3?alpl\a' pard^ beta particles, ancLoeutSpns-^i'S slowed \ ' . 
down by such co]^lfs|onSjr^ The distance the rc^gflftipn^ay^^^ before ' 
* being "stopped" is ifctermiried 'by ^its size, charge, arid energy level 
artd: by the nature of the substance encountered.. Alpha particles 
'travel only about an ijndk lft :air, and can be stopped by a piece of ^ 
paper or skin; neutrons .travel hundreds of feet in the aSr ana can be 
slopped by several feet of watfer or concrete. 

The effects of "ionizing rad[iation" have been studied in many experi- 
n^ents performed on hamsters, guinea pigs, and beagles. Sotne clear 
statistical correlations have emerged— especially * ire' experiments in- 
volving high dosages of radiation. But we have" Stmbst no knowledge 
of the canCer-causing and mutation-causirVg mech|mi^ms^ at ihe rtio- " 
lecular leVefc We know that radiation causes cint^r; but vye don't 
^ know fioty it causes cancer. < ^- ? 

■ ^ /i ■■ ■ 

Information on the effects of radiation on human beirigs is. sketchier 
than that on radiation-exposed laboratory animals.' The debate ovp^ ' 
the effe^ of abnospheric nuclear bomb tests, sparked, by two-tirrie^ 
Nobel Prize winner Linus Paujing, has never been resbl^ea (ailthough 
a large and . growing body of evidence seems to sugport Paulii\g's 
claims). A'O-S/ rneaical data bank, established in> to inonitor 
nutrfcar^Workiers, has been l^andicapped by the refusaI)^]f'$ome private 
nuclear ^companies to coo^^erate. Moreover,* tKft i^'^JFransiira^^^ 
Registry" ha/ been unable' "io track down many fVppjsed, wolrkers 
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from the earfy years pf- die nuclear era-— a severe research *iiand leap* 
since many radiation^iriduced effects hay^ very long lag times befbre' 
symptoms. appear.**^ ^ ■ . . / . ^ v ' 1 I 

■ • ""i^'' ■ ' --^ ^V-- .. 

Because we lack ;a sipierttific uri^ KQVy^ionfziW tadx^- 

tion actually afffects discrete b.^b^ical pr^ linlc oetWd&h 

cause and effect is necessarily speCpfatiye '(much as is the case with 
cigarette smoking); This induCtivlf leap' leaVes the experts divided. 
The Natural Resources DefeWse' Council, an environmental group, is 
petitioning U.S. authorities to lower the permissible concentration of 
plutonium aerosoljj by"115,000 timeS; ' •v'- v ('X' 

. * . .->■' » ■ ' -.'i V'^*- 

Many radi^ition disputes revolve around linear cbncippts; around the 
probability of /an, ill-ef^^ increasing in* direct proportion to the 
' amount pr radiation received. Will even very low dosages cause some 
^cjn.cers, pr is\lhere a threshold below which expdsure to radiatiort" 
;i's; hinrmless? If a^ lung tissue is subjected to a 

cVety high; do^^ should the likelihbod ^of cancer be 

^'deriVed .fpomytjw^^^ the physically affected, area or 

from the low i'nteftsit^^^^^ to the whble lung? 

■ , ! ' • . ■ . * ^ . 

We -don't undeJj^tahd' the molecular biology, of riaidiation-induced" 
canc^r> so •ou^ JipbUcies ^ necessarily based .upon statistical, inf^r^ 
ences. But radiatidnj itati^ are particularly ambiguous becaqse ;j(i) 
routine radiatip^v^dTp power is in addition to inescapiaWe'ra- 

dia<ion from >*bther :squtces and conisideratfe variation exisH in the 
amount of natural backgr<3iund radiation and medical rafliidon that 
>pe6ii)le are';5u^ected tQ;,:<2^^ diff^ient types 

of cancers and difftreiiit.:*^^ radiation are ex trenY<yy 'c6nf using; 

(3) the public is'iexpbsed^^ carcinogens other %an radiation 
that cannpt be conjfrolled" in large-scale epideihiolpgicat surveys; and 

(4) because of the lalg, time^v rhany gotential . radiation; Victims die 
from other causjes l^fortiradiation-ihduced appear. ^ *. , 

The low levels of radioactive isojtopes routinely emitte(d"^'thr<xvgh^^ 
perfectly functioning nuclear fuel cycle*, or from a Jeaking' ibw-T^VeV 
Waste repository, have not been "proven* either safe or unsiafij. In 
several developed '^untries, reactor emission standards have beejci " 
dramatically tightened in recent years> although not enough to satisfy 
'many\cntiCs. Other cpuntries have no standards whatsoever— even " 
though radionuclides cah become concentrated up to several thou- 



sand' times as they move up a food chain, so dilute emissions may be 
i|\ a more danti;erous form when ingested by people at the top of the 
food chain." ■ ' . . 

Plutonium is now the focus of a major public health debate. One ^ 
school of thought contends that plutonium is carcinogenic in doses 
too small to allow practicable detection^I^i large light waler reac- 
tor contains half a ton of plutpnium anO^ch breeder will oroduce 
miich more. Gomrtion nuclear-power projections will require the cum- 
ulative production pf 440 million pounds of plutonium by 2020.'^ 

While plutonium-23? will be the radioactive isotope produced in 
largest Volume by the current nuclear strategy, it is by no means the 
on^ highly carcinogenic, mutagenic, or tbxic substance in a reactor's 
innjirds. Knowledge of many other radioactive isotopes is even more 
Uniited llian knowledge of plutonium. We know almost, nothing 
about thA rates, routes, and reservoirs characteristic of- these. danger- 
^diis man-made isotopes when they are released in bulk into the envi- 
ronment. Mie wall ^ of uncertainties that separates natural scientists 
from a preeise understanding of the effects of radiation on the body 
'and on the environment ougnt to restrain even the boldest, for what, 
we don't know can kill us. , 



Energy Independence , 

Nuclear power cannot lead most countries .to national energy inde- 
pendence; In the wake of the Arab oil embargo, ^Jjd the associated 
dramatic rise in the price of petroleum prdduct^^^jpriany Countries 
thought that nuclear power could usFijer in energy ^Autonomy. This 
belief >vas capitalii'ed upon by reaclfor veittfors; * 1974 saw a significant 
increase in tne role of nuclear power in. the^energy plans of most 
developing countries. But such a belief is insiupportable. The global 
distribution of uranium ore is no more eqciitaole than that of oil. 
Access. toTv"* enrichment faciluks and ^o reprocessing plants will, if 
anything, tie more severely rWulated than access to petroleum re- 
fineries,., Ajr>d nuclear reactor feehnology is far more> complex and 
trouble-raddeh than are most other ekergy^echnologies. 

Fissile fuels are^uneVenly dtstebuted m the earth's crust, and nothing 
prevents uranium-rich nations from engaging in an OPEC-style 
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restraint of trade. Such restraint might be motivated by the simple 
desire of producing countries to retain their uranium for their ownS 
nuclear needs,- or it could be tethered to political considerations." 
South Africa (if one^includes the controversial Rossing deposits in 
Nainibia) has the .$econc)[ largest known uranium resource base in the 
non-communist world. A.J. A. Roux, president of Sou tl^ -Africa's 
Atomic Energy Bo^ird, claims ihat.his country wishes to u^eits urani- 
um, not for political purposes, .'^t to assist an energy-shott world.*^ 
But Ke adds, "Naturally, in assisting';the worM^^ we :l0pk at countries 
friendly to South Africa in the first pjaVe/'-'V . ■ ■ ' ^ ' 

panada, \With the non-communist world's third-largpst uranium 
resoUrcevtiase,^will sell uranium only with*a prohibition on use for 
lepcf^i^ves. Canadian utilities are also concerned about what the 
TfeCerit'^iiiultiplying of ^he world price of uranium has done to thfeir 
domestic cost projections, and they are calling for protection of low- 
priced domestic supplies. Australiiv^ with the non-communist vyorld's 
fourth 'largest supply of uranium, may refrain from exporting the 
resource altogether, except for medical purposes. And the United 
States,** with the non-communist worJd's largest uranium resource- 
base, will begin importing uranium agaih ij\ 1977. Since the U.S. does 
not have enough fissile material to meei'^^Ke. Ufetime n^eds of its own 
reactbrs projected for the year 2000, it intends to build lip Jar ge 
stockpile or enriched fuel to guard against future f udu.tiitJirket 
un(jertainties.5^ * ^ 

Countries that export nuqleaSr technologies have met frequently under 
the aegis ; of "the London Group," which was established secretly to 
consider; the ^problems associated with nuclear proliferatioit and 
nuclear terrorism. The clandestine nature of the Londoa Group's 
activities has led some observers to speculate that a i!^tional De- 
pendence upon nuclear exporting countries might be even less tenable 
than a similar reliance upon the oil expo! ting countries. 

Alsoy^r^ui^g against sole reliance upon nuclear energy is the fact 
that in^rnational uranium resources are privately owned. An inves- 
tigaUoiji the staff of the respected U.S. business journal, Forbes, 
reveaij^^tnat tb? Rothchild empire has a financial interest "in neiirly 
every major urahitfun mine in the world." The corporations in^^lved 
in uranium production meet regularly "to stabilize the m^^yk.fet'V under 
the auspices of the Uranium Producer's Forum. But, -^^iccording to 



'The regionalizalion of nuclear fuels 
^ ; ^ {irrocessing would leave eacluyf the 

' participating nations d«fmdent 
upon the goodwill of the. country in 
which the operation is located— a 
prospect that no non-processing 
• . . ' nation can relish. 



Forbes, "the function of the Uranium Producer's Forum could be 
performed at a board ineeting of Imetal/' the huge Rothchild com- 

Jn early 1975, the U.S. Nuclear Reg\ilatory Commission stopped 
issuing export licenses for nudear materials until it completed a re- 
view of transport safeguards. The decision w^as prompted by the 
discovery of 300 pounds (147 kilograms) of plutonium from Ifaly 
at Kennedy airport in New York. The plutonium— enough for a score 
of small* bombs— had been shipped through regular commercial chan- 
nels, The American export halt, wluch occurred without prior consul- 
tation with affected governments, reminded the European continent 
just how mercurial its suppliers can be.lWestern Europe has begun to 
turn increasingly to the Soviet Unioiyror nuclear fuel. In 1975, the 
Common Marlcet countries obtain«r less than 20 percent of their 
enriched uranium from the Sovier Union, but during the next two 
years dependence upcm Soviet uranium is expected to leap (tempo- 
rarily) to over 60 percent. A' European diplo^nat recently remarked, 
"Relying on the Arabs and Russians at tne same time for our fuel 
supplies is not my idea of a secure energy posture."** 

HWR's, which can use unenriched natural uranium, allow those 
countries with indigenous uranium supplies to avoid a dependence 
upon foreign uranium enrichment facilities, and also provide a hedge 
against enriched-fuel inflation. On the other hand, heavy water re- 
actors are also more capital-intensive than light water reactors. And 
heavy water reactors do not increase the energy autonomy of nations 
lacking a domestic supply of uranium or a heavy water production 
capacity. % 

In an effort to diminish the weapons potential inherent in the pro- 
liferation of nuclear power, the United States has been advocating 
regional nuclear processing centers. These centers would enrich 
uranium, fabricate fuel rods, afid reprocess spent fuel A center in 
the Philippines, for example, might perform these tasks for all of 
East Asia. In an ideal world, such a plan make&'Some economic sense; 
such cquntties as Korea, Taiwan, Thailand, or Indonesia will not— 
under any plausible near-term scenarios— each have enough nuclear 
power plants to support an economical reprocessing operation. How- 
ever, tne regionalization of nuclear fuels processing would leave 
each of the participating nations dependent upon the goodwill of the 
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country in which the operation is located— a prospect that no non- 
processing nation can relish. 

Weapoiis Proliferation 

Today the' five members of the U.N. Security Council have exploded 
miclear bombs. So has India. Approximately 15 more countries are in 
what could be termed 'near nuclear' status; they could, no doubt, 
produce nuclear weapons Within a very short time if they chose to 
do so.*'' 

Virtually all nations agree that the widespread dissemination of- 
nuclear armaments would gravely jeopardize not only global sta* 
bility, but perhaps even the survival of the human species. In the^ 
event of an accidental or intentional nuclear war, the incredible im- 
pact of the initial conflagration (the world's nuclear arsenals today 
contain the equivalent of 20 bHlion tons of TNT), would be followed 
^by long-term radiation damage, ozone depletion, and possible major 
climatological shifts. Our ignorance of the effects of such a massive 
assault on the global environment is nearly total.^* 

Fe^r of nuclear weapons proliferation can be traced back almost to 
the first formal admission of the existence of such devices. Three 
months after Hiroshima, the United States, the United Kingdom, and 
Canada issued a joint statement suggesting that a nuclear monopoly 
was impossible, and that, the only choices were nuclear disarmament 
or nuclear proliferation. They called for disarmament. In 1946, the 
United States presented the Baruch Plan to the United Nations, call- 
ing for the creation of a worldwide T\uclear inspection system fol- 
lowed by nuclear disarmament. The plan ran aground on the rocks of 
theCoW War. 

By 1953, both the United States and the Soviet Union had acquired 
the hydrogen bomb and nuclear disarmament seemed an increasingly 
remote possibility. President Eisenhower delivered his "Atoms for 
Peace" address that year to the United Nations. In it, he called for 
the development of commercial ouclear power, and took special note 
of the bright promise thif energy source held for the less developed 
parts of the world. In 1957, the International Atomic Energy Agency 
(I.A.E.C.) vyas established to promote the peaceful uses of nuclear 
power around the world. 

. ' 44 



""Many believe that the fewer the 
fingers on nuclear buttons, the safer • 
the world. Even so, nations cannot 
be counted upon to act in the 
human interest unless to do so is 
in dieir national interest as well/' 



After the Cuban missile crisis of 1962, the U.S. and the USSR be- 
came more acutely aware of the fragility of the' nuclear age. The fol- 
lowing year the Limited Nuclear Test Ban Tre40r was signed. In^l967, 
the Treaty of Tlatelolco prohibited nuclear weapons in Latin America. 
And on Match 5, 1970/ the Treaty on the Non-Proliteratjon of Nu- 
clear Weapons (NPT) entered into force.*' 

The NPT was authored by the United States and the Soviet Unioii, 
and, from a superpower perspective, the treaty makes a good deal of 
sense. Both countries retain their vast arsenals (the U.S. has 30,00Q 
nuclear weapons), and each continues to manufacture three hydrogen 
bombs a day.*^ Noru-weapons states, however, are prohibited frop:\' 
developing weapons or otherwise acquiring them. Non-weapons 
states are subjected to LA E A. inspections; the nuclear powers are 
not. The superpowers' sole obligation is to make good faith efforts 
toward nuclear disarmament; virtually no non-nuclear power believes 
such efforts have achially been made. 

"If I had known in 1968 how little the nuclear powers would do over 
the next six years (to control the arms race)," remarked one highly-' 
placed senior diplomat of a noA-nuclear country, "I would have ad- 
vised my government not to sign the treaty."*^ Countries that have 
not signed the treaty include India and Pakistan, Argentina and 
Brazil, Egypt and Israel, China and Japan, South Africa and France. 

The principal effect of the NPT has been to maintain the nuclear 
status quo. Many believe that the fewer the fingers on nuclear but- 
tons, the safer the world. Even so, nations cannot be counted upon to 
act in the human interest unless to do so is in their national interest 
as well. /The regrettable fact is that the NPT offers ribthing, or less 
than nothing^.'to^ts non-weapons participdntsV None .crf.^^t^^ nuclear 
exporting .nations is willing to limit ^ its nuclear ^Jtp.prts to spates 
agreeing to place all their nuclear aGtiyitieS under l.A.E.A. safe- 
guards; none wishes to lose a potential sale. ;lTh^ P^^^^S^ 
NPT voluntarily relinauish a degree of sovereignty, while non-partjes 
have nuclear venders beating down their doors with offers of nuclear 
hardware. » • 

A measure of the general disillusionment with NPT may be gleaned 
from the record of the long-awaited NPT 5- Year Review Conference 
held in Geneva in May, 1975. The prelude to the conference deserves 




note. India had detonated her ^rst nuclear device on May 18, 1974. 
In June of that year, the American President offeted 600-megawa'tt 
reactors to Egypt and Israel— two fiercely antagonistic non-NPT 
states. And the 1974 Vladivostok agreement between the U.S. and 
the USSR^f ar from upholding the superpowers' NPT obligations to 
.bring the arms race to a timely conclusiorn-was widely perceived as 
a slightly modified set of ground rules for the continuation of that 
^ra<^e.« 

The NPT Review Conference was attended by only 57 of the 96 
>'<fountries that have, ratified the treaty. France, China, and India were, 
of course, not represented. Taiwan— a party to the treaty and a coun- 
try with advanced nuclear capabilities-had been expelled from the 
United Nations and the I.A.E.A. and was not invitea to attend. The 
Canadian foreign minister was the only official of his rank to appear, 
and he attended only long enough to deliver a speech. 

The most creative thinking, and the strongest leadership, at the 1975 
conference came from Mexican Ambassador Alfonso Garcia Robles 
(the; father of the Treaty of Tlatelolco). Robles proposed two draft 
protiocols. Under the first, the nuclear parties would cease under- 
ground nuclear weapons tests for ten years when the number of 
NPT parties reached l^fl^jeach additional five parties would extend^ 
the moratorium for three years; and the moratorium would become 
permanent if and when all the nuclear powers became parties to the 
NPT. The protocol was rejected by both the U.S. and the Soviet 
Un(6n, both of whom were conducting underground tests at the time 
of the conference. The* second protocol linked reductions in the 
superpowers' nucleir^elivery systems to increases in the number of 
NPT parties; it was also rejected out of hand. Both thfese protocols 
. were addressed to Article 6 of the NPT, which calls for cessatioil of 
! the nuclear jarms race at an early dalte. / 

A third, and exceedingly modest, protocol was offered under which 
the nuclear f>owers would agree not to use nuclear wea];>ons against 
countries not having nuclear weapons, to assist non-nuclear 'coun- 
tries that were threatened or attacked with nuclear weapons, and to 
encoyrage negotiations to establish nuclear wea];>on-free zones. The 
nuclear powers' refused this protocol as well--a traditional posture 
for the United States, but a new one for the Soviet Union. Thus, 
non-weapons countries that agreed to become parties to the Noh- 



. Thus, non-weapons cbviitrics thai 
:/'agreed fo become par^iesrib the Non- 
rroUferation Treaty A^fin* to 
obtain assuranceii ttuit the nuclear 
> poweri^ %v^QuUwhot launch nuclear 
' shrikes against them! " 



Proliferation Treaty were unable to obtain, assurances that the nuclear 
powers would not launch nuclear striktS fjafeainst them! At about 
this lime, James Schlesinger, the UiS. Se<?iT«^iry of Defense, publicly 
reaffirmed his nation's willingness to -jinitiate the use of nuclear 
weapons in response to a cohventiortal attack. 

The nuclear weafH5ns states ,|it the conference dismissed all proposals 
made by developing/ nations as" political-' jn nature, and urged in- 
stead that the confeMnce:.. limit itself to the technical, problems of 
NPT implemei)tationr By tliis they meant the strengthening of safe- 
guards on nuclear mfiferial. Byt they provided no coriaete proposals 
as to how this might' be accomplished.. The nuclear powers further 
supported the concept of international nuclear centers, but offered' 
only vague ideas a|pput hoW these might be handled. Regional centers 
able to serve both Argentina and Brazil, India and Pakistan; Israel 
and the Arab states struck many observers as problematical. 

The conference, viewed from 5ny perspective, vyas a .failure,. It^b^^^ 
down into the same confrontation between developed ciotintri^^ an^^ 
: less developed countries that has characterized all recent jinterr^atidn^V 
• meetings. -Shortly after the conference. West Germany 'ani;ioUnce<lYt&^ 
four bulion dollar sale of a complete nuclear^, fuel recycle t<i Braz 
non-jS^to the NPT. While Brazil has agreed: to put the German 
f acililes mtdei^I, A.E. A. safeguards, nothing s'{^p3s:.Bra?il from dupli- 
cStinf the technology and^iising itsj^own uranium to manufacture 
explcfcives. ^ 

Weak and weakening, the NPT remains the principal dam against a 
global flood of nuclear weapons. Adherence to the treaty holdsno 
advantage to any country otner than a superpower, and devel(^pfto^ 
of nuclear explosives arguably does. China, virtually ignored ufitil 
it exoloded its bomb in October of 1964, has since obtained a se^j^n. 
the U.N. Security Council and become a respected force in the^c^-'. 
munity of nations. The Indian bomb, far from eliciting intemativifl 
opprobrium, evoked only a spate of political cartoons antj short- 
lived censure from two or 'three countries. In India, the explosion 
gready strengthened the internal stature of the ruling Congress P^jy , 
and of its leader, Indira Gandhi. U.S. Secretary ofStatfe Kissjng^,-' 
visiting India five months after the blast, asked only that India aft 
responsibly on the export of nuc|ear technology. Small viondA* ,that 
on April 1, 1975, while introducing a bill calling t^on his coup*i^^ 



cojistnict an atom bomb, one Argentinian legislator stated that 
■'Recent events have demonstrated that nations gain increasing recog- 
nition in the international arena in accordance vvitr> their power/' 

■ » 

The existence of nuclear wea()ohs in some lands' leads almost in-^^ 
exorably to '.their development in others. The Chinese bomb arguably 
spawnra the Indian device, and the Indian explosion seems certain to 
beget a Pakistani bmnb. Pakistani Prime Minister Zulfikar Ali Bhutto 

f;fowls that he vyilf "never \urrender to any nuclear blackmail by 
ndia. The people of Pakistan are ready to offCr any sacrifice, and 
even eat grass, to ensure nuclear parity with India/' Even iri Japan— 
the only country ever to have suffered nuclear attack— a broad con- . 
sensus holds that the advent of a Korean bomb would hirn Japanese 
opinion aiound overnight. Israel is widely believed to have between 
10 and 20 small nuclear weapons. Using plutonium from the un-safe- 
guarded reactor at Diamona. The U.S. Presiderit, in a^l974 "good- 
will" gesture, promised a new commercial reactor to Egypt. 

Beyond the threat of neiehbbring bpftibs, there is* almost certainly a 
threshold number of nuclear nations, the existenice df which would 
serve to convince hold-^ut countries that continued abstinence is 
purposeless. At that point, wherever it is, the MPT dam will break 
and the world will go nuclear. "I'm glad I'm not a you ne man, and 
r^n sorry for my grandchildren," says David Lilienthal, the first 
chairman of the U.S. Atomic Energy Commission. Such concerns are 
intmsified hy. the fact that planned international sales by U.S. 
reactor manufacturers alone over the next decade will produce enough 
plutonium each year to make 3000 small boitibs. 

The military governments in control of Sottth Korea, Taiwan, Libya, 
and. Argentina are acutely aware of th^ strategic importance of nu- 
clear weapons. Pakistan nas a strong incentive to explode a l?omb., 
Israel and douth Africa are widely believed to already possess modest 
nudear arsenals. West Germany is delivering a complete nuclear fuel 
cycle to^razil— though Brazil has vowed to develop nuclear explo- 
sives "for peaceful purposes" only. Fred Ikle,. head of the U.S. Arms 
Control and Disarmament Agency* has noted that a very sophisti- 
catedr^varhead could be tested in a 'peaceful' explosion dfesigned to 
buildljk dam.^ 

Sufh fears are spurred not just by those countries that haven't rati- 
TiM the NPT/ Any- country can withdraw from the treaty on three 





months' notice. Yugoslavia, deeply disturbed by the lack of progress 
at the NFT Review Conference, has announced that it is re-examin- 
ing its position on the treaty. Yet the major nuclear ppwers steadfast- 
ly reftEise to take tf\ose moaest "political" steps that might make the 
NFT meaningfurin the eyes of countries that will othifffwise opt for 
independent nudear arsenals. r' 

With so many near-nuclear states not parties to the NPT, with the 
future of that treaty clouded by uncertainties, and with the nuclear 
exporting countries engaged in a fierce competition for international 
'markets, the future worth of the I.A.E.A. safeguards program is high- 
ly questionable. However, if only because nuclear proponents gen- 
erally express great confidence, in I.A.E.A. policing activities, the 
safeguards program requires a brief examination. 

C^onceded by even its strongest admirers to be a shoestring operation, 
the I.A.EiA. safeguards program is responsible for inspections in 9,2 
NPT countries and in non- treaty states that have agreed to such 
inspectionis. (All nuclear vendors except France now demand such 
inspections as a condition of sale.) To accomplish this task the 
I.A.E.A. employs 70 technicians and has a budget of about $5 mil- 
lion. The organization's primary regulatory activity is the auditing 
of records. Occasional on-site examinations are ordinarily announced 
welf in advance. ^ 

Besides its exceedingly modest scale and budget, four other major 
problems hamstring the I.A.E.A. First, a nation violating its commit- 
ments would have to be remarkably inept to be caught in an auditing 
error. When volumes of fissile materials are large, even a small mar- 
gin of uncertainty can le^d to significant losses; and bomb-sized 
gaps are simply not covered by existing safeguards. One-half of 1 
percent of a pound of plutonium won't iri^ke a bomb; one-half of 
1 percent of a ton might. When a jmaterial is converted tp and from 

{(aseoiis, liquid, and solid states— as is necessary in the fuel cycle— 
osses and inaccuracies are inevitable. The United States clearly has 
the fine&t nuclear safeguards program in the world, yet cumulative 
U>S. losses of fissile material could fill an enormous arsenal. Thev 
most significant losses occurred in the early years of the nuclear pro- 
gram, but, as recently as December of 1?Z5, a fuel fabrication plant 
'in Erwin, Tennessee, reported a discrepancy of 20-40 kilograms j(44- 
110 pounds) of fully enriched uranium.**^ 



The second problem with the international safeguards program is 

Sll ^f^o^'' 'TJ"!'°"n' -""^ '^'^^"«« government < 

will often invalidate all agreerfients made by previous leaders. The 
United States flew a secret team of experts into South Vietnam to- 
i f n ^ "1 TL- '^«"°l'sh that country's only reactor shortly before 
the rail or the Thieu regime." . ' * . 

RoSn^r? a"f A°l'''' NPT safeguards nrt^ram is that, like Cock 
Kobin the I A.E.A. has no authority to take any action against viola- 
. hons other than to announce them. Indeed, most countries Consider 
occasional inspections to impinge upon their sovereignty; few, if any 
u^" international team police authority to confiscate 
diverted bomb-grade materials. 

- — " .■ ■ . ■ ") 
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Finally selUng hardware necessarily means jelling knowledge. French 
sales of nuclear technology are not subject to 1. A.E. A. inspections, 
bales ot nuclear harcTware by other countries are subjected to inspec- 
tion,- but duplicate facilities built,by the receiving country wiU not be 
{nspected. Brazil, for example, is less apt to build a bomb by sneak- 
ing material out of the German-built facilities than it is to openly 
build similar facihties of its own for the avowed purpose of develop- 
ing peaceful nuclear explosives. . 

■ladia put an end to the U.N. Security Council's nuclear hege/Jidny. 
At least 15 other countries have the fissile materials and the techiU- 
cal competence to manufacture bombs. And widespread weapons pro* 
liferabon IS fiure to follow the rapid growth of commercial nuclear^ 
power facilities. 

Nuclear Terrorism 

Discussions of nuclear terrdrism have generally focused on the use 
of fissile materials to manufacture nuclear weapons a vitally im- 
portant topic. But neglected are a motley range of other opportuni- 
ties tor nuclear sabotage and disruption.*^ 

The three bomb-grade materials of concern are plutonium-239 and 
two isotopes of highly-enriched uranium: U-235 and U-233 Plu- 
tomum, named for the Greek god of hell-, is made inside- all existing 
commercial reactors; it is highly toxic, carcinogenic, and explosive. 



''NdiWLzardry is required to build 
aii a^ic^'jppinb that would fit com* 
i ?.I^^c^^^^^ in the trunk of an 
' automobile." 



y-^^.ts-tl^^^ qf most existing commercial reac;jfor5,'^'ai?id^^l^ is 
prraii^ed itv reactors containing tnorium. Spheres ;;piF .Tu*iEi9', U-235, 
and U-233, encased in a beryllium neutron refl^tpr h^ve critical 
masses of four , kilograms (under nine pounds), ;d^^e^! ^ 




tity" is about two kilograms. A skilled bombmaker with iiccess to the 

f>roper neutron reflector would require slightly less {Kaii;:,th^se official 
igures sug|;est. |The theoretical minimums are classified^:) An amateur 
bombmaker could make a less sophisticated weapon ^mployirtg cor- , 
respondingly larger amounts of fiSsile material.*^ 

Until 1970/ the United States government purchased all the plutoni- 
um produced in U.S. reactors. In 1970, the purchases ceased, and 
private companies began stockpiling the material If re&ance on nu- 
clear power grows at the rate commonly projected/ far more plutoni- ;^ 
um will be produced in commercial reactors in the next couple of/ , ; • 
decades than is how contained in all the nuclear bombs in the world 
Theodore Taylor, a nuclear safeguards expert, estimates that by the/* vt;^ 
year 2000 enough fissile material will be in transit to manufacture 
250,000 bombs. If U.S. Atomic Energy Commission growth projec- 
tions for nuclear power through 2020 were to be ntet, Arthur Tamplin 
and Thomas Cojchran have calculated, the cumulative flow of plu- 
toni\|m in the United States alone would amount *fo 200 million 
kilograms (440 million pounds).** ' 

Once assembled, nuclear weapons could be rather convenient to use. 
The dimensions of the Davy Crockett, a small fission bomb in 
the U.S. arsenal, are two feet by one foot (0.6 meters by 0.3). The 
sihallest U.S. atom bomb is under six inches (0,15 meters) in diameter. 
Such bomb miniaturization is welL beyond the technical skHl of any 
likely terrorist grpup, but no wizardry is required to build an atom 
bomb that would fit comfortably in the trunk of an automobile. Left 
in a car just QUtside the exclusion zone around the U.S. Capitol 
during th,e State of the Union address, such a device could eliminate 
the. Congress, the Supreme Court, and the entire line of succession to 
the Presidency. . 

With careful p^tarfning and tight discipline, armed groups could inter- 
rupt the fuel cycle at any vulnerable point and escape with fissile 



material. Perhaps more frightening, howeV^r;.:is the inside thief- the 
terrorist'sympathizer or the person with gambling debfs or the victim 
ot blackmail In 1973, for example, the t>itpctor of Security for ihe 
U.S. Atomic Energy Commission ^^<as fdajtid.>f6 borrowed almost 
a quarter of^a million dollars> to have spenitnuch of it on racing wag- 
ers, and tah'ave outstanding^febtsy ^Sl^O'DOO.^^' Quiet diversion of 
bomb-grade material may hav'p takeri place already. There are many 
documented, instances of .filutbnium being found where it should not 
have been, and, worse,, not. being found where it should liave been 
A\ smyggling ring \vag:;^^^ selling stolen Indian uranium in 

NepWinI974/ 

• ■'■i ' ' ■ "* 

Petei:mining^ whether or not weapons-grade material has already 
ftUen into the wrong hands is impossible. Charles Thornton, former 
director of Nuclear Materials Safeguards' fpr the United States' 
A.h.C , claims that ..J^^^^ aggregate MUF. (materials upaccqunted. for) 
trom the three U.S. ?diffii*ojt plants alone is exbressibXln 
one knows where it is. Ncyae of it may have^beeh stpU^^^ 
balances don t close. You. cbUld- divert fr<;m.-an^"Vl^ 

amounts, and.never^b detected . . . The stetistibal. thief 
leafns the sensitivity of the system .arid 'operates within it^^^ 
never d6ected."7o . ... ' ■ ^ - ' 'c- ' ' \ 

It was lor|li^|?nd incorrectly believed in the Uhifed States, as it is still 
believed el^here, that buildinfe a bomb from stolen materials would 
•tequire "a -sfhall Manhattan project." Theodo(e Taylor,, forwierly the 
leading American atom bomb designer, has described at length where' 
the details of construction can bfe found in unclassified literature and 
how the necessary equipment can be mail-ordered, A television sta- ; 
tion ..commissioned an undergraduate at MlT who, working' alone 
/:^nd using only public information, produced a workable bomb design 
jn five weeks. In 1970,. a 14-yea(r-old school boy prepared a crude 
(buygfierfible) diagram for a hydrogen bomb-and nearly succeeded in 
"'^tinj^one million dollars from Fb^^ 

/en without the successful diversion of fissile ^qnaterials, the opera- 
^>nof a nuclear fuer cycle dffords terrorists excej:^fe)haippportunities. , 
In Novemb)^ of 1972, three men with guns ajxd^^tkiteiSp hijacked a' 
Southern' Aiihnes DC-9 and threatened to crasK\r*;,iTi^g^a reactor at 
the* Oak Ridge National Lab if their ransom demahof-^ere not met. 
In March or '1973, Argentine guerillas seized control of a reactor 
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""One vititor to the San Onofri" 
. reactor in California recently pulled 
^ a knife marked 'lethal weapon' and- 
^ V ':' a bottle of vitamin pills marked 
'nitroglycerine' from his pockiet 
when his tour was next to the 
control room;" 
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. ynder construction; 'p^^ its walls with politic4*-$lQj5ans/-^^n^^ 

^• paxfcrf carrying^ th^^ Weapons. ' ' V^^^^^^^^^^^ ^^^^^^^^^ ^ ' ' 

A former official in the U.S. Navy underwater demolition prog^ 
•/ testified to Congress that he " . . could pick three to five ex-iinder- ^ 
water demolition Marine reconnaissance or GreenVBeret men/t ran- 
dom and sabotage virtually any nuclear reactor in the country. V .AT • 
The amount bf 'radioactivity released could be of catastrophic proppr-. * 
tions."" ... ' 

One visitp/ip ^he Sari Onofre reactor in C^ilifornia recently pulled a* . . 
. knife mark^ ••■J^thal weapon'"' and a bottle^Qf vitamin pifls marked "Ir 
"nitroglyiceririe" from his pocket when his tour was next to the con- 
trol room; to demonstrate now easily the reactor coi\ld be penetrated. ' 
Various magazine articles h^ve: .described how a saboteur might miti- t 
at^ a /Cote meltdown in a reactor . ; . ' ^ v- 

Wtfrh^r Twardzik/a parliamentary representative in: West Germany, 
joined aitoiir of the 1200-megiw4tt Bilbis-A reactor carrying a 2-foot 
(60. centimctjfcer) "pa'nzer-faiist;'' bazooka under his jacket. He^ passed 
undetei*ted ^roifgh the sdpliiisticated security instruments of the 
world's lar^e^t' omriit^^ 

power phnt-i; director, a^ ^nd pf iHe tpur. • ' ' I . 'v^- • 

Threats 'to^destrqiy: a Ireai^^^^ in such a: way 'a$- to telease ttiu^^ the ' 
radiation ill its core ate trul^' /terrifying'. Vet Kyo .FrenipK ireActors vyer^' .• • . ; 
bombed by W.rqfjs^^^ a , nearly ^comjpfeted. ri^ . ' . 

New York w^s»dVni^ bombing incidents . ; 

involved utilities in * Ae Unit^^^ States in J:974; and air investigations 
of a series of mishap? .;in- an iUiKoisj nUclear power plant.^^p^^^ 
in-house sabotage. ^ 

■ :':;/\;:-:;t.'- " ' ' " ''^• \'\\:''- ■[■■■'■■' 

If the radioactive iodine in a single; 'LWR;vi/ete uniformly distributed/ . .. 
« it ^ould contaminate the atmosphere! Oyer the" lower 48 United States , y " : • 
^t eight times tne maximum permissible Xpncentration to an altitude!., . v 
bf about six miles (ten kilometers). Tlie siajh^' reactor contains enoqgljr^ . / 
strontium-90 to .contaminate all the sj^earjp^s and rivers in the United* ■ : 
States to the iriaximum permissible coWe'nJtretion 12 times oyer. Such li^ 'y 
an «ven distributi6n of these materials woulcji be. impossible, but the ' 
figures serve to indicate that every reactor 
box.'^ ^> V .^ 



is, a veritable Pandora's 
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V An «evin greater saurCe of. daneerous materialHs thd* fuel storage 
pond. According: to a report by the U.S. General Accounting ^Pffice, 
storage are^s are much more vulnej able than reactors. In such ponds, 
A sevc»ral'spent reactor fuel-cores await reprocessing. And' the repro- 
* : cessing plant' itself/ in addition to bejng^a Thandy source of pliitonium,; 
e4 Will fontain about 150 times, f^s mucfi radioactive/strontium as a 

V reactor. If these concentrated and. vuliwrable sources of radioactive 
^. the target of a rtiiclear . explosive-delivered either by 

: V terrorist group or a hostile power— the destructive! potential of the 
resulting h^rid would be minaTb6ggling.73 ' ' ; r 

' J. Bowyer-'Bell comments in Transhationai Terror on the recent ter- 
j^.'^ r ' rprist /'Tee^^^ of thi potential for exploitation of the mass 

■ v media/' When terrorists kidnappeid several OPEC oil ministers from 

V Vienna in December, 1975, one of their. demands l^s that their com- 
• mUnique ,beVFj?ad in full over television. A city held, hosfage to a 

: ■ / : >jiuclf%r threatyvvould be a far tnore compelling luffe for m^dS^cbver- 
^ : age thaA the'kidnapping of an ambassador or hijacking of an airliner. 

; ;<TJie'^6s^pett^of nuclear terror may atf attractivMo partisans 

sympathetic to any particuUr terrorist Caiis^ but an ehjemy is as 
' vV v'j^l^^^y to ^^n^ in nucleat terrorism as is, an ally. Moreover, inGteas- 
'V' 'i^^]fe:niumte ^^ttribqiable to psychological 

rather than political motives: the Charles IS^anson massacre ^nd 
' Richard Speck killings ha3^ a^pqt as much ideological cpntent- as a 
v street mugging.;?*' ^'V - ' v v ? / 

Guarding* against terrorism re<^uires foresight^ But it. also requires 
"2020" vision-'Who in 1975 would.have expected a group of Sduth 
Moliiccan extremists tQ^^hU^ck a train in-4he Netherlands in order to 
bargain for Moliiccan indepJi^ndence ' from Indpnesia^ Protecting our- 
rV^selves against futiirp i teitprlsm mear^ less .fhan building a 

iriuckar system^^a^^^^ of future terrorists fight- 

^ v - ing.for a cause tHat'has^h^ 



Nucliear Power arid Society . ; ^ 

. Every major, ^nergy transifipn brings Vvith it profound social change* 
rThie^ substituti6iV or coal fot Wood and^ind ushered in the indiistrial 
reyohition.. The pet^oleym era; revolmionized mankind's approach 
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tb inoV|»ment~restTucturine our cities and shrinking our World. Now, 
at the twilight of the petroleum age, we face another energy transition 
in the certain ki^owledge that it will radically alter tojnorrow's society. 
Each of the many energy options available to us today caftries with 
it far-reaching social implications. 

Nude^r, pdwer is highly centralized, technically complex, capital in- 
tensive, and fraught with long-term dangers. It producets electricity, 
a form of energy that is difTfcult to store and that can be tran$ported 
, onfy along expensive, vulnerable corridors. Some of the consequences 
of tne wiaespfead use of nuclear power can be easily anticipated. 

Intdr^ased deployment of nuclear power must lead to a more autl)^^. 
tarian society. Reliance upon' nuclear power as the principaf source 
of ' eiiergy is probably possible only in a totalitarian stat^ l^obel 
Prize winning physicist Haiines Alrven has described the T^uire- 
ments of a staple nuclear state in striking terms: '''^ 

Fission energy is safe only if number of critical devices work 
as they should, if a number of people in key positions follow all 
of thein instructions, if there is no sabotage, no hijacking of 
transports, if no reactor fuel processing plant or waste repository 
, anywhere in the world is situated in a region of riots or guerrilla 
activity, and no revolution or war— even a "conventional one"— 
takes place Sfrthese regions. The enormous quantities of extreme- 
ly dangerous mkerial must not get into the hands of ignorant 
people or desperaSos. No acts of God can be permitted. 

The existence of highly centralized facilities and their frail transmis-' 
sion tendrils will footer a garrison mentality in those responsible for 
their security. Suctn/sy stems are vulnerable to sabotage, and a co- 
' ordinated attack cotfui immobilize even a large country, since storing' 
a substantial volume of "reserve" electricity is so difficult.. More- 
over, 100,000 shipments of plutonium each year would saddle socie- 
ties with risks that have no peacetime parallel. 

Nuclear power is viable only under conditions of absolute stability. 
The nuclear optton requires - guaranteed quiescence— internationally 
and in perpetuity. Widespread surveillance and police infiltration of 
all dissident organizations will become social imperatives', as will 
deployment of a paramilitary nuclear police force to safeguard every, 
facet of the. massive and labyrinthine fissile fuel cycle.. ; 



Broad nuclear developmint could, of course, be ^eritpte^ wfth pre- 
captions no more eMDorate or tl)lpipuE:^sive t^ian those tnat tiave cna|c^ 
actinzed nuclei^ efforts to date. Sdch^a course would assure a nu- 
^ ckar trag^y, after which public opinion would dc^mand authoritar- 
ian measures of great severity^ Orwellian abrogJbons of civil liberties 
*56* would l>e tolera(Wi if they were deemed ifecessary to prevent nuclear 
tenonsQU * ^ ^ - , 

_ Guarding long-lived toxic radioactive wAte will require not just the 
. ^ sworn v^^nce ofpfcenturies;^it wiirrequire an eternal commitment. 
, Thoughtful nuclear supporters are suggesi||||||^ the ^creation of a" 
nuclear ^"p/iesthoo<jt" * to assume 4he burden of perpetual surveil- 
lance. Since the nuclear wastes now being treated will remain toxic 
for 100 times longer than all recorded human history, an appmch 
. with quasi-religious over toffies is only fitting^* ^ N 

m / 

The capital-Intensive nature of nuclear development will foreclose 
other optiortSb As governments channel massive streams of capital 
into directions in which they would not naturally flow, investment 
opportunities in industry, agriculture, transportation, and housing— 
not to mention those investments in more energy-efficient. technoTo-?. 
gies and alternative energy sou rcesr- will be bypassed. The U.S. Proj- 
ect Independence eFfort would require one trilliiin dollars by 1985, 
four-fiftns of which would be earmarked fo^ n^ rather than re- 
^ placement facilities.. Under such a scenario, new energy plants would 
require two-thirds of all net capital investment during that period. 
; If Project Independence were more e^^cRisively nuclear, the figure 
would be even higher. 

With such a large portion of its capital tied up' in nuclear invest- 
ments, a nation will nave no option but to continue to use this power 
source, come what may. Already it has become extremely difficult for 
many countries to turn away from their nuclear commitments. .If 
current nuclear projections* hold- true for" the next few yej^r^, v|t will 
,be too late. Already^here have been frightening, ex amplesf of fals.ifXed 
reports filed by nuclear dwners seeking to avoid expensive shut- 
downs. When vast sums are tied up in initial capital investments, 
every idle moment is extremely costly. After some level of investment^ 
the abandonment of a technology becomes unthinkable. 

In a. world where money is power, these same large investments wiU 
caiise inordinate power to accrue to the managers of nuclear energy. 

' 56. .' , ^ 



"The nuclear Siren is presently 
, attracting much interest, but 
hopefully her appeal will prove 
short-lived Alternatives are abunaaint/' 
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These managers will be a. highly trained, remote, technocratic elite, 
making decisions for an alienated society oh technical grounds 
beyona the public ken. C.S. Lewis has written that, "what we call 
Man's power over Nature turns out to be a power exercised by some 
men over others with nature as its instrument." As nations grow 
increasingly reliant upon exotic technologies', the authority or the 
technological bureaucracies wilP necessarily become, more complete. 
Energy planners now project that by the year 2000 , most countries 
will be building the eauivalent of t their total 1975 energy facilities 
every three years, Altnough central pla;iners may have no diffi- 
culty locating such a mass of energy facilities orf their maps, they will 
face tremenoous difficulties siting them in the actual countryside of 
a demaa gtpc state^ f ■ ^ 

A nuclear world would have international as well ^s national con- 
sequences, It would lead , to increased technological dependence 
among nations, ^specially as the nuclear superpowers conspire to 
ke^p 'secret the details of the complete fuel cycle. Worldwide depend- 
ence upon nuclear power could lead to a new form of technological 
colonialism, with most key nuclear personnel being drawn from the 
technically advanced coM|itries. The enormous costs of reactors will 
resull^in a major flow of money from poor countries to rich countries, 
^s the former squander their scarce resources on these technological 
rwhite elephants. 

The nations of the world must together make an end-of-an-epoch 
decision. As the finite remaining supoly of petroleum fuels continues 
to shrink, the need for a fundamental transition becomes increasingly 
urgent. The nuclear Siren is presently attracting much interest, but 
hopefully her appeal will prove short-lived. Alternatives are abun- 
dant. ' m 

Goal can play an important role in the immediate future. The energy 
cpntent or the world's remaining coal f4r exceeds that of the remain- 
ing oil, and recent advances in minir^g and corrtbustion will allow 
much of this resourc^e to be tapped without imposing unacceptable 
environmental cosls. - , 

A wide range of solar devices isH)ecoming ayailal^le. Systems to cap- 
ture low-grade heat to warm buildings and water— uses which con- 
stitute more than 25 percent of current energy needs in all countries— 




are now on the market at competitive prices. Photovoltaics, thermal- 
electric systems, bioconversion processes/ windpower, and other ■ 
benign, renewable options promise large amounts of relatively low- 
cost, reliable, high quality energy with less effort than would be 
required by the new generatibn of breeder reactors.. Solar options 
can be decentralized, simple, athip*^ to indigenous materials, /and 
only upon a country's enetgy "income" from the sun. 
They produce no toxic wastes ana no potential bqmb materials. 

Finally, it is of critical importance that greater attention be paid to 
opportunities for energy conservation. The United States could, 
according to several analyses, eliminate about half^f its fuel budget 
without significant alterations in its economic system or its way of 
life. Even greater reductions might be accompanied by improvements 
in public health and the general quality of life. Sweden and West 
Germany manage" to achieve an excellent standard of living on about 
half the U.S. per capita level of fuel consumption. Enormous savings 
can be made throughout much of the industrialized world, where for 
the last Several decades cheap energy has been systematically substi- 
tuted for labor, capital, and materials. Even in poor countries, the re- 
placement of open fires with cheap, efficient stoves, the use of in- 
expensive pressure cookers instead of pots, etc., would allow signifi- 
cant energy savings. Moreover, such countries should employ antic- 
ipatory conservation measures in their development plans, taking 
care to avoid the sloppiness and wastefulness that characterize those 
nations that iq^dustrialized in the era of cheap oil. 

It is already too late to halt entirely the widespread dissemination of 
the scientific principles underlying nuclear power. -Wha^ c^n still be 
sought, howeverj is the international renunciation of this technology 
and all the grave threats it entails. Although the nuclear debate has • 
been dominated by technical issues, the real points of controversy fall 
in the realm of values and ethics. No person, regardless of technical 
skill, has a right to impose a personal moral judgment on society. No 
country, regardless of strength; will be able to make the nuclear de- 
cision for the world. But if increasing numbers of people and coun- 
tries begin independently and actively to oppose nuclear power, the , 
world may follow. < 
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kl t ".^iT^"*^ ''«^e'oP'"8 as t4 whether the uranium enrichment should 
be trusted to private corporaHons. (n the U.S. this issue has received partic- 
n n«!S°M* '''^ domestic market alone might require six to 

nine additional huge enrichment facilities. during the next twenty-five years. 
A private consortium_ headed by the Bech%l Corpo ration is seelcinvc federal 
hinancing guarantees for a large, private gaseous diffusion facility. ' 

rJ." f""^'u^* hexaflouridegas is fed into a spinning 

centrifuge. Here U-238 is spun towards the waltfe while the" lighter U-23S 
passes into an upper chamBer. The principal advantage of centrifuge en- 
richment is an energy requirement equal to about 10 percent that required by 
the gasious diffusion process. uy 

Centrifuge enrichment has.-^n successfully developed- t6 the pilot-pUnt 
stage, and Urenco Ltd., avBritish-Dutch-West. Gefm>n collaboration, is 

Mini ?n'.K*'"if /!fcI^;'^''u''P."i*'"?'' Engl^«^d;,,h'H artothpr at-AWlo:^^^ 
Mo land. In the United States„!the federal goyernih^ijt is.tdjistjuctin* a slkht-^^ 
ly larger centrifuge facility at Oak Ridge, usingidiffwehf t&hfiS0g#ak 
three U.S.,corpdtations are also seeking to enter tnetipld^.V . . V- ' ^^r'.^^' 

In nozzle' enrichment, a jet of. uranium hexaflouricl?^ gas is squirted fete) 4 
• low pressure tank. The heavier U-238 tends to flow straight iq, a baring" 
tube on the other side of the tank yvhile the lighter U-235:teftds t<^wfr?t6 the- 

Nozzle enrichment was developed in West Germany in the mid-1950s. Nozzle ' 
enrichment facihties should be comparatively easy to engineer, although their 
total energy requirements will be rather high. South Africa has done much 
' of the commercial development of nozzle enrichment, and West Germany has 
contracted to baild such a plant in Brazil/ » - 

Laser enrichment the least developed of all enrichment technologies, is based 
on the hact that laser beams can sometimes selectively excite individual iso- 
topes. Excited isotopes enter into chemical reactions that allow them to be 
separated from other isotopes of the same element. If laser enrichment tech- 
nology becomes well-developed and widespread, the impact could be enor- 
mous The energy requirements are comparatively slight; little space is re- 
quired; and the cost will be trivial. Laser enrichment could make weapons- 
grade material available to any government and to any determined organiza- 

Nobel. Laureate Hans jBethe, a forceful advocate, of commercial nuclear 
power, has expressed |(he hope that, when developed, laser enrichment tech- 
nology will be kept secret for a$ lone as possible^perhaps even twenty or 
^ thirty years However, this seems to be .wishful thinking. Ground-breaking 
work has already been done in several countri^, and important advances in 
the held of laser enrichment are even now' being reported in unclassified 
pubhcations. 
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